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INTRODUCTION 



greatly increasing field o£ usefulness for the storage bafc? 
tery and the improvements that have been made in its construc- 
tion are but little appreciated by the average electrician and 
mechanic. Its use aa a source of power for electric automobiles 
is, of course, well known, hut oue seldom considers the enormous 
number of batteries of this tj'pe used on the gasoline automobiles, 
The storage battery is one of the most important parts of the 
electrical system which includes engine starting and ignition, as 
well aa car lighting of practically every gasoline automobile now 
niamifactured. It is evident that a practical working knowledge 
of the operating principles and cart of the various types of 
storage batteries now available is desirable. The industrial uses 
of storage batteries are also mcrea'^mg, so the student who desires 
to keep well posted on current engineering de\eIopment will 
find much of interest m this treatise. The writer wishes to ac- 
V, knowledge his indelitedness to the following storage battery makers 
. for valuable information and permission to reproduce extracts 
and illustrations from their literature: Gould Storage Battery 
^Company, Electric Storage Biittery Company, Willard Storage 
J Battery Company, U. S. Light and Heat Corporation, and Edi- 
^son Storage Battery Company. Naturally such co-operation makes 
^a more authoritative and valuable treatise than would otherwise 
-V be available. As the experience of these leading authorities on 
-^ all phases of storage battery engineering is condensed and digested, 
■^all the information -that the average reader needs may be ob- 
■^tained without consulting a mass of literature. Emphasis is 
placed on the fact that this work is not intended as a technical 
treatise but a practical discussion of storage battery operating 
principles, their maintenance, charging, and chief industrial appli- 
eations. 

The Author. 
April, 1917. 
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CHAPTEE I 

Chemical Producers of Electricity — Action of Simple Primary Battery — 
The Dry Cell — Methods of Connecting Dry Cells — Discovery of Re- 
versible* Chemical Action — Secondary Batteries — Simple Lead Plate 
Type — Plants, or Formed Plates — Faure, or Pasted Plates — Edison 
Non-acid Battery Action. 

Current Production by Chemical Action. — The earliest known 
method of continuous current generation is by various forms of 
chemical current producers, which may be either primary or sec- 
ondary in character. A simple form of cell is shown in section 
at Fig. 1, A, and as the action of all devices of this character is 
based on the same principles, it will be well to consider the 
method of producing electricity by the chemical action of a fluid 
upon a metal. The simple cell shown consists of a container 
which is filled with an electrolyte, which may be either an alka- 
line or acid solution. Immersed in the liquid are two plates of 
metal, one being of copper, the other zinc. A wire is attached to 
each plate by means of suitable screw terminals. 

If the ends of the plates which are not immersed in the solu- 
tion are joined together a chemical action will take place between 
the electrolyte and the zinc plate; in fact, any form of cell con- 
sists of dissimilar elements which are capable of conducting elec- 
tricity immersed in a liquid, which will act on one of them more 
than the other. The chemical action of electrolyte on the zinc 
liberates gas bubbles, which are charged with electricity and which 
deposit themselves on the copper plate. The copper element 
serves merely as a collecting member, and is termed the "nega- 
tive'^ plate, while the zinc which is acted upon by the solution 
is termed the "positive" member. The flow of current is from 
the zinc to the copper plate througli the electrolyte, and it is re- 
turned from the copper plate to the zinc element by the wiring 
which comprises the external circuit. The terminal on the cop- 

13 
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^^L per plate is known as the "positive," that on the zinc is called 
^^H'the "negative." 

^^B While in the cell ahown zinc and copper are used, any other 

^^I combination of metals between which there exists a difference in 
^^K. electrical condition when one of them is acted upon by a salt 
^^B or acid may be employed. Any salt or acid solution will act as 
^^^ an eieotrolvte if it will lomljiiie elieiiiicallv u'itli one of the c!e- 



Con'nector 



^ ^ ! 



Eitternal CircuH 




S- 1.— Typea of Chemical Producers. A— Elementary Primary Cell. 
B— Construction of Dry Cell. C— Simple Form of Secondary 
Battery. D— The Lead Plate Roll and How It is Made. 



PRODUCTION BY CHEMICAL ACTION 16 

ments and if it does not at the same time offer too great a resist- 
ance to the passage of the electric current. The current strength 
will, vary with the nature of the elements used, and will have a 
higher value when the chemical action is more pronounced between 
the positive member and the electrolyte. 

As the vibrations which obtain when the automobile is driven 
over highways makes it difficult to use primary cells in which 
there is a surplus* of liquid, a form of cell has been devised in 
which the liquid electrolyte is replaced by a solid substance which 
cannot splash out of the container even if the cell is not care- 
fully sealed. A current producer of this nature is depicted in sec- 
tion at Fig. 1, B. This is known as a dry cell, and consists of a 
zinc can, in the center of which a carbon rod is placed. The 
electrolyte is held close to the zinc or negative member by an 
absorbent lining of blotting paper, and the carbon rod is sur- 
rounded by some depolarizing material. The top of the cell is 
sealed with pitch to prevent loss of depolarizer. 

The depolarizer is needed that the cell may continue to gen- 
erate current. When the circuit of a simple cell is completed the 
current generation is brisker than after the cell has been produc- 
ing electricity for a time. When the cell has been in action the 
positive element becomes covered with bubbles of hydrogen gas, 
which is a poor conductor of electricity and tends to decrease the 
current "Output of the cell. To prevent these bubbles from inter- 
fering with current generation some means must be provided for 
disposing of the gas. In dry cells the hydrogen gas that causes 
polarization is combined with oxygen gas evolved by the de- 
polarizing medium, and the combination of these two gases pro- 
duces water, which does not interfere with the action of the cell. 
Carbon is used in a dry cell instead of copper because it is a 
cheaper material, and the electrolyte is a mixture of sal ammoniac 
and chloride of zinc, whicli is held in intimate contact with the 
zinc shell, which forms the negative element by the blotting-paper 
lining. 

When it is desired to obtain more amperage or current quan- 
tity than could be obtained from a single cell, they are joined in 
serieB-multiple connection. With this meftvo^ oi Vvt\\i% V^^ ^^ 
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lore sets of four cells which liave been joined in series are used. 

'he zinc of one set is joined with the zinc of the other, and the 
two carbons are similarly connected. Any nuniher of sets may 
be connected in series multiple, and the amperage of the combi- 
nation is increased proportionately to tlie number of sets joined 
together in this manner. 

When dry colls are connected in series, the voltnge of one 




Fig. 2. — Methods of Joining Dry Cells to Form Batteries of 
Varying Value. 

cell is multiplied by the nunihei' of cells, and the amperage ob- 
tained from the set is equal to that of one cell. When connected 
in series mtiltipie, ae shown at Fig. 2, the amperage is equal to 
two cells, and the voltage produced is equivalent to that obtained 
from four cells. When twelve cells are joined in aeries multiple, 
the amperage is equal to that of one cell multiplied by three, 
s voltage or current pressure is equal to that produced by 
jjtttltiphed by the number of cells which are in series in 
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By properly combining Ory celle in this manner 
batteries of any desired current strength may be obtained. 

The terms "volt" and "ampere" are merely units Ijy wliicli cur- 
rent Ktrengtii is gauged. Tlie "volt" ia tlie iinit of pressure or 
potential which exists between tJie terminals of a circuit. The 
"ampere" measures current quantity or flow, and is indL-pendent 
o£ the pressure. One may have a current of high aniperage at 
low potential or one having great pressure and but little amperage 
or current strength. Voltage is necessary to overcome resistance, 
while the amperage available detemiines the heating value of the 
current. As the resistance to current flow increases, the voltage 
must be augmented proportionately to overcome it. A current 
having the strength of one ampere with a pressure of one volt is 
said to have a value of one watt, which is the unit by wliich the 
capacity of generators and the amount of current consumption is 
gauged. 

One of the disadvantages of primary cells, as those types which 
utilize zinc as an active element are called, is that the chemical 
action produces deterioration and waste of material by oxidiza- 
tion. Dry cells are usually proportioned so thnt the electrolyte 
and depolarizing materials become weaker as the zinc is used, and 
when a dry cell is exhausted it is not profitable to attempt to 
recharge it because new ones can he obtained at a lower cost 
than the expense of renewing the worn elements would he. 

Principles of Storage Battery Construction. — Some voltaic 
couples are reversible, i. e., they may be recharged when they have 
become exhausted by passing a current of electricity through them 
in a direction opposite to that in which the current flows on dis- 
charge. Such batteries are known as "accumulators" or "storage 
batteries." A storage battery belies its name, as it does not really 
Btore current, and its action is somewhat similar to that of the 
simpler chemical coll previously described. In its simplest form 
& storage cell would consist of two elernenis and an electrolyte, 
as outlined at Fig. 1, D. The storage battery differs from the 
primary cell in that the elements are composed of the same metal 
'^tfo re charging takes place, usually lead, instead of being zinc 
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be distinguished from the other because it is brown or chocolate 
in color after charging, while the negative plate is usually a light 
gray or leaden color. The active material of a charged storage 
battery is not metallic lead, but oxides of that material. 

Tlie simple form shown at Fig. 1, C, consists of two plates of 
lead, which are rolled together, separated by insulating bands of 
rubber at the top and bottom to keep them from touching. This 
roil is immersed in an electrolyte composed of a weak solution of 
sulphuric acid in water. Before such a cell can be usqd it must 
be charged, which consists of passing a current of electricity 
through it until the lead plates have changed tlieir nature. After 
the charging process is complete the lead plates have become so 
changed in nature that they may be considered as different sub- 
stances, and a chemical action results between the oxidized plate 
and the electrolyte and produces current just as in the simple 
cell shown at Fig. 1, A. When the cell is exhausted the plates 
return to their discharged condition and are practically the same, 
and as there is but little difference in electrical condition existing ' 
between them, they do not deliver any current until electricity 
has been passed through the cell so as to change the sulphate on 
the positive lead, plates to peroxide of lead. 

The changes that occur in the plates of a storage battery when 
a current is passed through them and the electrolyte in which they 
are placed results in altering their nature to such an extent that 
they act just the same as two elements of more widely differing 
nature, such as zinc and copper or zinc and carbon might. Pri- 
mary cell action depends on the wasting of one of the elements, 
and the only way that more current can be obtained when the cell 
is exhausted is by replenishing the electrolyte and also putting in 
a new plate of metal in place of that eaten away by the acid. 

Discovery of Reversible Chemical Action. — The basic principle 
on which storage battery action is based has been known for over 
a century, as a French scientist, Gautherot, while experimenting 
with the electrolysis or decomposition of water in 1801 by pass- 
ing an electric current through it discovered that the silver or 
platinum wires employed as electrodes for this purpose would send 
A current of electricity back through a circuit when the battery,^ 
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that furnished the decomposing current was removed from tliem. 
The electrical flow from the wires was in a reverse direction to 
that passed through by the main battery, and was naturally very 
weak. Further studies by otlier scientists, notably De la Rue, 
Hitter and Grove, led to the development of a gas battery which 
was really a variation of the apparatus used in the electrolysis of 
water. In 1834 Farraday made experiments with lead electrodes 
that resulted in tJie development of storage lottery forms from 
which those used to-day are patterned. Following the experiments 
of Sinsteden, who used plates of nickel, silver and lead in a volt- 
ampmeter in 1854 and obtained reverse currents from that instru- 
ment of sufficient power to raise a wire to red heat after it had 
been used in measuring a source of electricity, Gaston Plante, 
who was familiar with tli^e experiments, did the experimental 
work that formed the basis for the practical storage battery of 
to-day. 

The early Plante battery consisted of two sheets of lead, which 
were separated from each other by canvas and immersed in a 
sulphuric acid and water electrolyte. After sending a current of 
electricity through from primary cells of the Bunsen type, a much 
more powerful current was obtained from the lead plates than either 
Farraday, with his lead peroxide element, or Sinsteden, with his 
combination of metals, had secured, and as a result he is generally 
credited as being the inventor of the storage battery. After con- 
siderable experimenting Plante found that it was possible to in- 
crease the current output of a secondary battery by repeated 
charges and discharges. It was learned that the capacity aug- 
mented with use, and that the lead plate surfaces were changed 
into lead sulphate and lead oxide, and that the coatings pene- 
trated deeper into the plate with each added charge and discharge. 

Inasmuch as the knowledge was available to men of science 
even at Ihat early day {I860) that the action of electric current 
on lead plates would cause a chemical change that would in turn 
result in a reverse current flow, the only drawback to making 
the storage battery of practical value was the lack of economical 
1 for charging tiie plates. The dynamo had not been ije.^- 
l-to the point that it reached a iew ^ea^s \aVfet, wa 'Ctv^ «^iI^ 
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current means available for "forming'^ or preparing the lead 
plates was by the action of expensive primary batteries. The 
first chemical changes that took place were of very limited depth, 
and even after long service the chemical action of changed mate- 
rial could hardly be measured. It was only by frequent and re- 
peated charges and discharges, extending over months of time, 
that it was possible to obtain cells with sufficient capacity to be 
of practical value. Even though laboring under these disadvan- 
tages, Plante was able to make numerous cells of this kind and 
perform laboratory experiments which created great interest 
among the scientists of that time. 

The chemical change which results in the production of elec- 
tricity in lead plate batteries is rather complicated, and its exact 
nature is not definitely known even to-day. It was advanced by 
Plante that the charging action, or rather chemical change when 
current was passed through the cell from an outside source, re- 
sulted in the formation of lead peroxide (PbOo) on the positive 
plate and metallic lead on the negative. Both of these were said 
to be converted into lead oxide (PbO) when the current was 
drawn from the battery. Later investigations showed that the 
formation of lead sulphate also was of enough consequence to be 
taken into consideration. This reaction on discharge is probably 
about as follows: 

Charged Condition Becomes Discharged Condition. 
Pb + 2H.SO4 + Pb02 = PbSO, + 2H2O + PbSO^. 

- + - + 

Therefore, during charging, the plates must be brought to their 
original state and the sulphate driven out of the plates into the 
electrolyte, as expressed chemically in the following: 

When Discharged. After Charging. 
Positive Plate, PbSO, + + H^O = PbO^ -f H^SO^. 
Negative Plate, PbSO^ -f 2H = Pb -f H2SO4. 

Considering the equations previously outlined, it will be evi- 
dent that the active material on both plates of a storage battery 
is dianged into lead sulphate when the \ia\ier3 ^Y^Oc^ax^^^- ^Y^^ 
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are several reasons for considering this theory. The most impor- 
tant is that chemical analysis of a discharged plate has shown 
large quantities of lead sulphate to exist. The fact that the 
density of the electrolyte becomes less during the discharge of the 
cell shows that sulphuric acid is consumed and that water re- 
mains. The specific gravity of the electrolyte is greatest when 
the cell is fully charged. This demonstrates conclusively that 
during charging the sulphate has been driven out of the plates 
and into the electrolyte. When a battery is discharged, the sul- 
phate, having been absorbed by the plates, results in a lower 
specific gravity of the electrolyte. Then, again, considering the 
matter from an electro-chemist's point of view, it is known that 
the combination of ox3^gen and lead as lead oxide would not 
liberate sufficient electrical energy to account for the voltage of 
the current produced by the battery on discharge. 

Flant6, or Formed Plates. — One of the first difficulties met 
with and one that militated against the development of the prac- 
tical or commercial type of battery using Plante plates was the 
great length of time needed and the expensive means of generating 
the forming current. Later the plates were treated with nitric acid 
to facilitate the forming action. Other processes have been de- 
veloped to hasten the formation. In addition to the chemical 
treatment, which consists of immersing the lead plates in a 
pickling bath to produce an oxidization before the current acts 
upon them, there is a mechanical action which will produce the 
same result and hasten formation. Laminated plates composed of 
ribbons of lead will form quicker than the solid lead plates, as 
will elements made up of lead wires or plates where the surface 
has been grooved with some forming-tool. An electrolytic process 
consists of making the plate of a lead alloy and eating the for- 
eign matter away to leave a porous lead plate. These processes 
are described more in detail in the next chapter, which deals 
specifically with storage battery plate construction. 

Faure, or Fasted Flates. — As soon as it was realized that the 

result of the forming current was the production of lead peroxide 

on one of the plates, two men, Camille Faure in France and 

Charles F. Brash in the United States, working independently of 
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each other, devised a process of plate manufacture that materially 
reduced the cost of construction. Instead of forming the active 
material by expensive and time-consuming alternating charges 
and discharges, the common oxides of lead were applied to the 
surface of the plate in the form of paste, so that the work required 
of the electric current was reduced appreciably and considerable 
weight reduction obtained. Litharge, which is rich in lead, was 
selected for the negative plates, whilei red lead, which is oxidized 
more, was used on the plates intended to be positives. The pastes 
were composed of the oxides mixed with dilute sulphuric acid in 
the proportion about one part acid to four of water. Such a paste 
sets very quickly, and only small quantities can be prepared at a 
time. When the Faure process, as it is called, was first devel- 
oped, it was believed that the Plant e type of plate would be dis- 
carded. It was found by practical experience that the new struc- 
ture developed faults that were not present in the older formation. 
Pasted plates of early development were found to bend or warp, 
to enlarge and to shed the active material. In order to eliminate 
these faults, various ingenious grid patterns were devised. 

When storage cells are to be used in automobile work they are 
combined in a single containing member, as shown at Fig. 4, A, 
which is a part sectional view of storage battery. The main con- 
taining member, a box of wood is divided into three parts by cell 
jars of hard rubber. Each of these compartments serves to hold 
the elements comprising one cell. The positive and negative plates 
are spaced apart by wooden and hard rubber separators, which 
prevent short circuiting between the plates. After the elements 
have been put in place in the compartments forming the indi- 
vidual cells of the battery, the top of the jar is sealed by pouring 
a compound of pitch and rosin, or asphaltum, over cover plates 
of hard rubber, which keeps the sealing material from running 
into the cells and on the plates. Vents are provided over each 
cell, through wliicli gases, produced by charging or discharging, 
are allowed to escape. These are so formed that while free pas- 
sage of gas is provided for, it is not possible for the electrolyte 
to splash out when the vehicle is in motion. 

It will be evident that this method of se^lm^ ^wjiX.^ Tssi\.\sfc 
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Fig. 4, — Illustrating Standard Batteries Operating on Different Prin- 
ciples. A — Part Sectional View of Automobile Starting, Lighting ' 
and Ignition Battery. B — Internal Construction of Edison AUa> 
• Cell. 
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practical on a primary ceil where the members attacked by the 
acid had to be replaced, from time to time, but in a storage bat- 
tery onlv tlie electrolyte need be renewed. When tlie plates are 
discharged they are regenerated by passing a current of electricity 
through them. New electrolyte can be easily inserted through 
vents in wliich caps are screwed. The cells of which a storage bat- 
tery is composed are nearly always joined together at the factory 
with bars of lead, which are burned in place, and only two free 
terminals are provided by which the battery is coupled to the 
outer circuit. 

The capacity of a storage battery depends upon the area and 
the number of plates per cell, while the potential or voltage is 
determined by the number of cells joined in series to fonn 
the battery. Each cell has a ditference of potential of two and 
two-tenths volts when fully charged, therefore a two-cell battery 
will deliver a current of four and four-tenths volts, and a three- 
cell type as shown at Fig. 4, A, will give about six and si.t-tenths 
volts between the terminals. While dry cells are often connected 
in" parallel, storage batteries should not be coupled in this manner, 
as the sets do not divide the load properly unless all the cells are 
equal in charge, capacity and general condition, A had cell may 
so weaken one set that the other set will dischai^e through it, 
reducing the charge seriously. Wien sets are used in parallel it 
is advisable to test the sets separately. If one set is doing a large 
proportion of the work, the gravity of the electrolyte will be dif- 
ferent in the sets. It is advisable to change parallel sets to series, 
when practicable, for charging at terminal stations. This insures 
tlie same charge being put in each set. For similar reasons all 
the cells used in a set should be in the same condition and equally 
well charged to prevent one or more cells reversing in service. 

The Edison Storage Battery. — The fundamental principle of 
the Edison storage biiitory shown at Fig. 4, B, is the oxidization 
and reduction of nielals in an electrolyte which neither combines 
with nor dissolves either the active materials or their oxides. Also, 
an electrolyte which, notwithstanding its decomposition by the 

• of the electric current, is immediately re-formed in equal 
ty, and is, therefore, a practicaWy coTvsVaxA i^.iCTns;\>L\. -s^s^^.- 
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out change of density or conductivity over long periods of time. 
A storage battery is commonly looked upon as a receptacle in 
which to store electricity. Electricity is not concrete matter. In 
fact, nobody knows just what it is. Therefore, in the general ap- 
prehension of the term, it is not stored. Electricity simply causes 
a chemical change to be effected in certain substances, when it is 
caused to flow through them. These substances in endeavoring 
reti^ to their original state, produce electricity. 
/ The following elementary explanation of the action of the non- 
acid battery is given by the Edison Storage Battery Company, and 
is so simply expressed and easily understood that it is reproduced 
in full. If the reader grasps the principles expressed, he will 
have no difficulty in understanding the chemical action that results 
in current production. 

''Suppose we place two pieces of very thin, bright steel out of 
doors for a few weeks. Thev become ^rusted.' The action of the 
oxygen on the outer layer of the metal has formed it into an oxide 
commonly known as 'rust.' Now let us place these two pieces of 
steel in a solution composed of potash and water, and connect them 
by wires to a small dynamo. The electricity, in flowing from the 
dynamo through the solution, from one of the plates to the other 
and back to the dynamo, changes the rust to metallic iron on one 
of the plates, but causes the other plate to become 'rusted' twice 
as much as before. Now let us disconnect the plates from the 
dynamo and connect them, by means of pieces of wire, to an am- 
meter (an instrument for measuring electricity). Instantly, the 
excess of oxygen in the rust on the one plate commences to pass 
back to the bright plate and, by so doing, causes electricity to be 
generated. Why? Nobody really knows. We have now charged 
and discharged a primitive storage battery. 

"Instead of two thin rusted steel plates, let us mount, say, 
one hundred such plates, equidistantly spaeetl, on one rod, and 
one hundred more on another rod. Now interpose the two groups 
so the plates of the one group will not touch those of the other and 
immerse them in a solution of potash. When connected to our 
dynamo the electricity will flow from one group, through the solu- 
/jon^ to the other group, converting the oxide of one group to 
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metallic iron, and increasing the amount of oxide on the other 
group. We shall be able to get much more electricity from the 
battery thus formed, because of the greater plate surface exposed. 
We have thus determined that large surface is necessary. 

"Let us next place a quantity of fine particles of iron rust in 
two perforated flat steel pockets and, after patting these pockets 
into potash solution, pass electricity from one to the other, through 
the solution, as before. All the iron rust in one pocket will be 
changed to metallic iron, because the oxygen will have passed over 
to the iron rust in the other pocket, causing this material to pos- 
sess twice as much oxygen as before. 

"Connect the two pockets to your ammeter and you will find 
that much more electricity is flowing than before, although the 
two pockets take up much less space than the. two hundred steel 
plates. The reason of this is, the small particles present a very 
great combined surface to the solution. Suppose, after having 
made a great number of experiments, you put some iron rust or 
iron oxide into perforated steel pockets, and mount a number of 
these pockets in a steel grid or support to form one plate, and 
place nickel hydrate (a green powder) in perforated steel recep- 
tacles, and mount them on another steel grid to form the other 
plate, then immerse them in a suitable alkaline electrolyte in any 
kind of container; you have the essential elements of an Edison 
cell."/ 

The active material of the positive plate of the Edison storage 
battery is nickel hydrate; that of the negative plate, iron oxide. 
The electrolyte is a solution of potassium hydrate. The active 
materials are perfectly insoluble in the electrolyte. When current 
passes, either on charge or discharge, the electrolyte is broken up 
into its component parts, which react on the materials with the 
following results : On charge — Positive oxidized, negative reduced. 
On discharge — Positive reduced, negative oxidized. The exact 
chemical changes that go on within the cell are not definitely 
known, but those occurring during discharge may be approxi- 
mately represented by the following equations : 

Positive : 8K + GlSTiOo = 2Ni,0, + 4K2O. 
Negative : 80H + 3Fe = Fe,6, + 4Ho6. 
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The reverse reactions take place on charge. The iron and 
nickel compounds are probably hydrated, but are here treated as 
pure oxides, for the sake of simplicity. It will be noted that tlie 
same amount of KOH is decomposed, according to the left-hand 
members of these equations, as is re-formed, simultaneously, as 
shown on the right. For this reason, the chemical composition, 
or specific gravity, of the solution does not change appreciably 
throughout the cycle of charge and discharge. 




Stora'fre Batteries Differ in ronatniption — Batteries Using 
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How Storage Batteries Differ in Construction. — It is not rcn- 
sonalile in expect that any one type of storage battery ean be ap- 
plied nniversaliy. Naturally, batteries niuift be propnitioned for 
the work Ihey are to do. Batteries for stationary worli in power 
plants tan be of the open-cell type; t}iose intended for Tehicle or 
boat use slioutd be sealed to prevent danger of splashing out the 
electrolyte. Various forma of storage batteries are illustrated at 
Fig. 5. The stationary type in glass or rubber jars is used for 
isolated lighting plants, telephone, telegraph and signal service and 
yacht ligliting. The larger stationary cells are assembled in lead- 
lined wood tanks, and are used for electric railways, stand-by 
seFvice in central stations for lighting and power and in large 
isolated lighting plants. Special t)'pes in rubber jars are assem- 
bled in trays for electric vehicle service, and atOl others for train- 
lighting service. The usual starting, lighting and ignition battery 
for automobile use is a unit in which three or more cells are im- 
bedded in insulating compound and carried in a substantial 
wooden case. The usual practice is to bum all the connecting 
straps to the plate group terminals and cover the whole with seal- 
ing compounil. Special gaa vents are needed with these batteries. 
The "couple'' type is carried in glass jars and is widely used for 
signal, lire alarm and private telephone service. 

Storage Batteries ITsing Other Than I.ead Plates. — While there 
la really only one make of cell that ia commercially practical that 
does not use lead plates, this being the Edison, inventors have en- 
aored, to improve storage battery a.ct\OTi toT Bwma 'v;\-mft Vj ^-'S^^ 
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"«Btire]y of active material. -An experimenter has used a positive 
plate made i^ttrely oi Jitharge- (PbO) mixed with ammonium 
sulphate (jSrHj)3SQ„ which, is pressed into the desired shape. 
Chemical treatment 'converts 'the plate to lead peroxide. The 
negative plate is the conventional leaS type. This is really a lead 
plate type, and, mast be considered as distinct from the non-lead 
types. 

It is a known faef that iiliiu^st iUiy piiiiiiirv till can be made to 



Si!< Volt-Three Cells 




^nni 



ig, 6. — Showing Method of Grouping Storage Cells to Form 
Starting, Lighting and Ignition Batteries. 



I some of the characteristics of a storage battery. The ex- 
periments in the electrolysis or decomposition of water by using 
silver or platinum electrodes demonstrates that these substances 
can he used, though their prohibitive cost renders them only of 
scientific interest. Zinc has heen used for a negative element 
ijlstead of lead, the surface zinc being eon^'erted into zinc sul- 
^^1^^, which dissolved into the electrolyte. Using zinc instead 
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of lead gives an increase in voltage, the normal 2.3 augmenting 
lo S.5 volts. A reduction of weight is also possible, because zinc 
plates can be lighter than lead one of the same capacity. 

Tlie disadvantnge ia the formation of zinc deposits during 
charging in the shape of clusters or "trees," which may short-cir- 
cuit the ceil by extending across to the positive element or in- 
crease the sediment by dropping to the bottom. Another disad- 
vantage is that the solution will vary in density at different 
heights. The zinc sulphate is taken from the top of the liquid 
iluring charging. Attempts have heon made to prevent this by 
placing the plates horizontally and thus having practically the 
same density electrolyte surrounding each plate. The fault of this 
arrangement is that gas hubbies polarize the cell by collecting be- 
tween the plates. In a vertical plate cell the bubbles rise to the 
top of the electrolyte and burst, liberating, the C9n^ned gas, which 
reaches tlie atmosphere easily in an open-type cell and through a 
vent in the sealed tj"])es. 

Another cell has a negative plate consisting of thin sheet cop- 
per amalgamized with zinc. The positives are made of lead leaves 
perforated with numerous small holes and riveted together, and 
are formed by tlie Plants process. The copper-alkali -zinc battery 
of Lalande and Chaperon and improved by Edison is reversible in 
action and can be used as a storage battery. When discharged, 
the positive plate is porous copper; on charging, the decomposi- 
tion of the electrolj-te follows, metallic zinc is deposited on the 
n^ative plate, while the porous copper becomes oxidized on the 
positive. The electrolyte becomes potassium hydrate. This cell 
may really be considered the ancestor of the modern Edison cell. 
This storage battery has been used commercially in a limited way, 
but is not really practical because of its low voltage, that of one 
cell being but seven-tenths of a volt. That means that three times 
as many cells would be needed to obtain a certain voltage given 
■ by the smaller number of lead plate cells. The weight factor is a 
serious one that militates against the wide commercial use of 
low voltage cells. The lead plate type has many practical advan- 
, Wt its ability to stand rapid discharge, its great efficiency 
gb E.ld.F. are among the moat im'^oAMLi. (■m.'c*. 
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' Kaking Plants ProceBS Plates. — Tt is evident that even witli 
the present low cost of electric current inakera of storagt 
butteries employing Plante elements must have a more commer- 
cial inetliod of forming these than the repeated charge and. dis- 
charge processes followed hy the originator of this type of plate. 
It ia also apparent that the electro-ehemical action would form 
but a very thin layer of active material on plain lead sheets. In 
order to have a sufBeient volume of it to generate an. appreciahle 
current it is necessary to provide a larger surface than prevails 
on an ordinary sheet of lead. To provide more surface, the usual 
prooeas is to groove the lead plates in order to provide a sufB- 
ciently large area bo that the forming process will produce an ele- 
ment of sufBeient capacity to be commercially ])ractica]. The lead 
peroxide formed on such plates is positively hc.-l in tlie spaces 
between the ribs or laminations designed to increa-ie the surface. 
Various systems of increasing the surface of lead sheets to in- 
crease the available area are by grooving, swedging, laminating, 
seoring or casting the pockets or retaining ribs integrally. A 
tj-pical Plante process plate used in the Gould battery, with sec- 
tional views showing the structure if the plate is cut on lines 
A-B or C-D, is shown at Fig. 9, and the method of forming clearly 
outlined at Fig. 10. In the manufacture of the^e plates the "spin- 
ning" process is followed, as this is said to give the greatest possible 
increased surface and least modification in form of rim and groove. 
The blani; plate, incluiling the lug, is stamped from chemically 
pure rolled lead and placed in a steel frame, which reciprocates 
between two revohing mandrels, on which thin circular steel discs 
and spacing washers are placed. It is on the form and thickness 
of tlie discs that the width and shape of the grooves depend, and 
the thickness of the rib is regulated hy the width of the spacing 
washei-s. The travel of the frame obviously determines the length 
of the section to be spun. 

The prt'ssiue of the "spinning" rolls against the siirface of the 
L blank is maintained at a uniform point by compressed air, 
I'ihe ridges and grooves begin to ajipear as soon as the opera- 
l started. At the start the section is as shown at Fig. 10, 
B spinning discs progress further and further into the 
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lead they displace it and canse it to flow in the form of libs in the 
BpaceB between the cutting discs. Tlie first action is to groowi 
the snrface of the lead plate aa shown at Fig. 10, B-2, this section 
becoming more and more like 3 and 4, as the pressure of the disc 
causra more metal to be displaced. The blank is merely changed 
in form, as no lead is removed, and tfiere is not cutting and sub- 
sequent bending to opeu up pores in tho metah The iTifcs leave an 




Pig. g.— Gould Storage-Battery Plate Made by Plants Process. 

unspun portion at the end of travel of the frame, in which each 
individual rib terminates, tims forming a main cross bar at each 
extremity. The two bars unite at the junction of two spun 860?- 
tions in a single cross bar of diamond section, solid metal, extend- 
ing the width of the plate. By limiting the depth that the rolb 
penetrate the hlank, it ia possible to provide a web of metal tliafr 
remains as a central conductor and current equalizer. 

On the surface of plates thus produced a thin layer of leaJ 

peroxide, which is the active material of the positive plate, » 

Lionued by the electrolytic process. Negative plates are formed by 
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/ a subsequent conversion of the lead peroxide to "spongy" lea^ 
I which constitutes the active material for these plates. Finall^ 

the plates are subjected to a special treatment to remove any ini*^ 
- purities. An advantage of the spinning process is that the ribs 
are not cut and subsequently bent, as in some of tlie other meth- 
ods of producing Plante plates. It is said that bending, because 
of the crystalline properties of lead, opens up pores for the pene- 
tration of electrolytic action, and that such ribs may be eventually 
cut off by the chemical action after (he battery has been in use 
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Fig. 10. — Plants Plate and How It is Grooved by Mechanical Means 
to Facilitate Forming. 

for a time. It is also stated that cast lead is not equal to the 
rolled or spun lead for battery plates on account of its porosity. 
The parts of a t^Tjica! Gould cell used for train-lighting seiTice 
and the method of grouping two of tJiese cells in trays to make 
for easy handliug is clearly shown at Fig. 11. 

Hannfactute of Fanre Type Plates. — Most of the lead plate 
type storage batteries now used have "pasted" plates instead of 
the more expensive formed plates. The foundation of a, Faure 
type plate consists of a skeleton or plate grid, such as shown in 
Pigs. 13 and 14, made from an alloy ol atvViwvow'j M\.^\ft^?i, ^» 
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which the active material is mechanically applied. The original 
Faure cell had both the positive and negative plates coated wi 
red lead. But a comparatively short time was required to change 
the red lead to lead peroxide on the anode or to metallic lead on.] 
the cathode. The great advantage of this construction was ihei 
high capacity for unit weight. There is a disadvantage, and tbat^ 
is that if the plates are not very carefully made the active mate- f| 
rial may drop away from the grid pockets and fall to the hot-". 
tom of the cell. These have been largely overcome at the present ", 
time by forming the grids to hold the applied material more 
firmly. The reason that pure lead is not used to make grids is 
that it does not have enough rigidity or strength for use whai 
the active material is applied by mechanical means. The soft 
lead grids might be bent, which would tend to loosen the active 
material. This is true to a certain degree of Plante plates, but 
inasmuch as the active material is generally formed on small sur- 
faces separate from each other, and as it is much thinner than in I 
the applied types, there is not so much danger of the material fall-{ 
ing off. 

In order to increase the strength of the lead grid it is neoes^^ 
sary to add some substance that will make a stiflfer skeleton, \m\ 
of course this material should not change the electrical charac- 
teristics of the grid to any extent. Antimony is the material ordi- \ 
narily added, and the proportions of the resulting alloy may vary ' 
from 88% lead and 12% of this metal to 98% leacl and but 2% 1 
of antimony. It is stated that the usual mixture is 1% antimony ■ 
and 9G% lead. Positive, grids should have more lead in their 
composition than the grids intended to be made into negative!, 
plates. While in many cases the active material is applied to the 
plates by hand, it is advanced that machine-pasted plates make 
more enduring batteries. 

Combination Plante and Fanre T3rpes. — The "Chloride^^ bat- 
tery, which was manufactured for a time by the Electric Storage 
Battery Company, is a compromise between the two types, in 
this cell the positive plate is a Plante type, and the negative fol- 
lows the Faure principle of construction. Finely divided lead ig 
produced by blowing a stream of air against a stream of molten 
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metal, which result in the production of a lead spray, which falls 
as a powder when cooled. Nitric acid is used to dissolve this 
powder, which precipitates as lead chloride when hydrochloric 
acid is added. After this material is washed and dried it forms 
the basis of the filling of the negative plates. A mixture of this 
lead chloride and zinc chloride is melted in crucibles and poured 
into moulds, which produce small tablets about % of an inch 
square and of a thickness varying from 14 ^^ 5/16 of an inch, 
depending upon the thickness of the negative plate. These tablets 
are then assembled in special moulds and held in place by re- 
cesses, into which they fit and which prevent movement. They 
are kept at a distance of about .2 inch from each other and from 
the mould edges. Molten antimonious lead is then poured in to 
fill the spaces between the tablets, and to insure a proper flow of 
metal it is forced into the mould under approximately 75 pounds 
pressure. Upon cooling, the result is a solid lead grid, in which 
the small squares of active material are imbedded. The next 
step is to reduce the lead chloride by placing the plates in a 
dilute solution of zinc chloride, each plate being separated, from its 
neighbor by a slab of zinc. By assembling the plates in this man- 
ner the equivalent of "short circuiting" a cell is obtained, and the 
lead chloride is reduced to metallic lead. The zinc chloride is 
removed from the plates by thoroughly washing them. 

A new form of negative plate which is now manufactured to 
replace the chloride type just described consists of a pocketed 
grid, the openings of which are filled with litharge paste and 
afterward covered with perforated lead sheets, which are formed 
by casting integrally with the grid. The grid used for the posi- 
tive plate is composed of a 5% antimony-lead alloy and is about 
7/16 inch thick, having circular holes about % of an inch in 
diameter, staggered so that the nearest points are about 3/32 
of an inch apart. Close spirals are rolled up of corrugated lead 
ribbon of the same width as the plate thickness, and these are 
forced into the circular holes of the plate. The spirals are formed 
into active material by the electro-chemical process, and' during 
this the spirals expand suflficiently so they fit closer to the grid 
des. This form of positive is known as the Manchester plate 
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and is illuatrated at Fig. 12. The box negative plate, the con- 
Btruction of which 'has been previously described, is also ahown 
at Fig. 12. 

■'Iron Clad" Exide Battery. — The capacity of the conventional 
pasted type Exide plate rises in service for a time and then grad- 
ually becomes less. The initial rating is conservative, however, 80 
that if a battery is given a proper initial chai-ge it will give its 
rated discharge at the start. This will gradually increase in n«e, 
BO that the output becomes greater, and then there is a dropping 
off from the maximum. This rise in capacity when the batt«ry 




. 13.— Sectional View of Gridi Showing Form of Elba to Hold 
Active Material. 



b first put into service results from the increasing porosity of 
the active material on the positive plate. The more porous this 
active material the better the electrolyte diffuses through it and 
more lead peroxide is brought into action on each cycle of charge 
and discharge. This increase in capacity is evidently made at the 
expense of the positive active material, because as more is brought 
into action the active mass becomes softer, and the time comes 
when some of the material must be dislodged when the battery ia 
charged and it will settle to the cell bottom in the form of sedi- 
ment. This explains why the life of a battery is shortened by too 
much charging. The capacity will augment just as long as the 
rate of increase in the porosity of the active material is greater 




Fig. 14.— The Diamond Grid Plate Before and After Active 
Material is Put in Place. 
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than the rate at which the active material loosens from the plate. 
After a period of use the loss of material will become greater than 
the gain in porosity, and it is evident that the cell will begin to 
lose capacity when this condition is^reached. 

It is evident that if the positive active material could be pre- 
vented from dropping off and still be maintained in a healthy 
operating condition that the plates would have longer life. While 
improvements have been made from time to time in the construc- 
tion of the elements, the new form of positive was evolved. This 
was accomplished by keeping the active material in position by 
utilizing a pencil of lead peroxide surrounding a conducting core 
and enclosed in a porous tube having a sufficient elasticity so that 
as the active material expanded and contracted, because of altera- 
tions in its molecular structure, the containing tube compensated 
for these variations. The positive plate of the "Iron Clad" Exide 
consists of an alloy framework comprising top and bottom bars 
integrally connected by conducting cores of the same metal. The 
uniform pencils of active material surround these cores and are 
protected by horizontally laminated rubber tubes. 

Each tube is formed with narrow vertical ribs diametrically 
opposite each other, which take the place of the spacing ribs on 
the ordinary wooden separator and at the same time re-enforce 
the tube. By thus protecting the active material and holding it 
in position it remains active for a considerable time. Excellent 
conductivity and increased accessibility for the electrolyte are ob- 
tained, thereby making it possible to secure a relatively high out- 
put from a comparatively small quantity of active material. This 
battery, which is illustrated at Fig. 17 A, having the positive 
plate sho\vn at B, was given its name because of its remarkable 
durability. The negative plate of this battery, which is shown at 
Fig. 17 C, is of the same general construction as the regular Exide 
negatives, but is made somewhat thicker in order to compensate 
for the longer life of the positive plate. 

The wood separator used between the plates of this battery is 

a sheet of chemically treated wood and is flat on both sides. No 

ibber separators are required, inasmuch as the positive plate pro- 

58 its own separator in having the ribbed ruljber tubes to retain 
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Fig. 15. — Pari Sectional View of Type MV 15 Exide Vehicle Battery. 



46 STORAGE BATTERIES SIMPLIFIED 

the active material. This is a very popular battery for electric 
vehicle use because it has a high discliarge voltage and is of high 
efficiency. Flexible pillar strap connectors are regular equipment 
on ^"'Iron Clad" Exide batteries. These consist of alloy terminals 
cast around lead plated copper strips, which give greater conduc- 
tivity and which are more flexible than the stiff pillar-strap con- 
nectors used with the Exide standard lead plate batteries. The 
jar is the same as used for the Exide cells of similar size. A spe- 
cial type of vent is provided, which insures positive retention of 
the electrolyte yet permits the escape of gas evolved when the bat- 
tery is charged. The top of the vehicle type cell with vent in 
place is shown at Fig. 17 E, while the method of sealing is clearly 
outlined at Fig. 17 D. 

The Edison Alkaline Storage Battery. — This is the only bat- 
tery built of stool. It is the only storage battery having an alka- 
line solution and using active materials of nickel hydrate (posi- 
tive) and iron oxide (negative). This construction and prin- 
ciple are said to have important advantages, and some of these 
are: It is light in weight. It occupies less space. Requires no 
spare parts. Its steel container is unbreakable. Requires very 
little attention. It suffers small loss of charge when idle. Does 
not need frequent hydrometer readings. Its tray assembly and 
cell connections are simple. It cannot suffer from sulphation or 
anv kindred ''disease.*' Its exclusive use eliminates the need of 
a battery house. It is not subject to buckling or growing of plates. 
It may In? discharged to zero, or as low as may be desired, with- 
out fear of injury. It reipiires no internal cleaning, the active 
materials being held securely in perforated steel tubes and pockets. 
It may be left unused, either charged or discharged, for an in- 
detinite time, without any attention, and suffer no injury. Its 
cells are hermetically sealed, except for the single filler opening, 
indicating conclusively that no plate renewals, separator renewals 
or other repairs are needed or expected. It can be put on charge 
at any time, regardless of how much or how little of the previous 
charge has been used; and similarly it may be taken off charge 
■ any time and used, whether fully charged or not. 

The positive plates (Fig. 19) consist of a series of perforated 
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eteel tubes which are lieavily nickel^plated and which are filled 
with alternate layers of nickel hydroxide and pure metallic nickel 
in very thin plates. The tube is dra\Fn i'rom a perforated ribbon 
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Fig. 16.— Part Sectional View of Gould Pasted Plate Cell. 

of steel, nicltel-plated, and has a spiral-lapped seam. After being 
^^JUfidwith active material it is re-enforced with eight steel bands, | 

^^^H) prevent the tube expanding a-wa^ Itoto ».^\ \i\iia^\wf, t'^-o.- 
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tact with its contents. The negative plate consists of i 
cold-rolled Bfeel, also heavily nickel-plated, holding a number of 
rectangular pockets tilled with powdered iron oxide. These pockets 
are also made up of finely perforated steel, nickel-plated. After 
[Jbe pockets are tilled tliey are inserted in the grid and subjected 




Pig. 17. — Constructional Features of the Exide "Iron Clad" 
Vehicle Battery. 



I considprable pressure Iwtween dies, which corrugate the i 
t of the pockets and force them into positive contact m 



container made 1 




Fig. 18.— Part Sectional View of Edison Alkaline Battery. Showing 
Internal Arrangement of Plates and Relation o£ Principal Parta 
J Each Other. -_ 
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coUl-rolled steel, which is thoroughly welded at the seams and 
heavily nickel-plated, as shown at Fig. 18. The plat^^s are assem- 
bled in positive and negative groups by means of threaded steel 
rods passing through lioies in one corner of the plates and insu- 
lating washers. The terminal post is secured to the middle of the 
rod. The complete element or plate assembly stands on hard rub- 
ber bridges f)n the Imttom of the can, and is kept out of contact 
with the sides of the container by hard rubber spacers attached to 
the end. The can cover is also of sheet steel, and contains fittings 
through which the electrodes pass, these being insulated from the 
cover by bushings of insulating material. A combined filling 
aperture and vent plug is secured to the center of the cover plate. 
The general arrangement of the Edison cell parts is clearly out- 
lined at Fig. 18; the plate construction is depicted at Fig. 19, as 
well as the tubes from the positive plate and pockets used in the 

7gatives. 
Function of Separator. — Separators are necessary to keep plates 
of opposite polarity apart, and VQt the space between the plates 
should be as small as. possible in order to keep the internal re- 
sistance of the cells, to a low point. It is apparent that current 
used to overcome internal resistance cannot l^e used in the external 
circuit. Separators may be of rubber, glass or wood. Perforated 
rubber sheets have been used, but these are not considered as good 
as wood separators, and are usually used in connection with them. 
Glass separators are used only in theJargest cells, and usually con- 
sist of a series of vertical rods between the plates. Wood is used 
on all small cells. The material is specially selected and chem- 
ically treated. They are made very thin, and after cutting from 
seasoned wood tliey receive treatment to remove any elements that 
might cause damage if left in the wood. Thereafter, the separa- 
tor strips are kept soaking in a weak electrolyte solution until they 
are installed in batteries. They must never be allowed to dry 
out, and even in transit from factory to service station they should 
be packed in such a way as to retain their moisture. 

In impressing this matter on users of their batteries, the 

U. S. L. and H. Co. gives the following suggestions: "The owner 

*ust Jikewise do his part with the water cure as outlined above, to 
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prevent the separators from drying out in service. Once dried out 
a separator can never again, with or without water, be the same, 
hut loaes its vitality and is prone to split and undermine tlie bat- 
tery's health. A hadly shattered separator, of course, invites a 
direct short circuit, with resultant internal discharge of the cell. 
But battery plates aeeni eager to get together, and even a split in 




Kg. 19, — Positive and Negative Plates Us< 
Alkaline Battciv. 
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a separator affords the opportunity for ^treeing' across from nega- 
tive to positive. That is, a foliage-like formation develops on the 
negative and extends through any available opening until it reaches 
the positive, and the short circuit thus produced not only dissi- 
pates the energy of the battery but to a greater or less degree 
cripples the battery. It also furthers the possibility of sulphation. 
The necessity for high capacity in starter batteries within little 
space demands that the plates shall be but a short distance apart. 
Thus, unless prevented by special provision, 'treeing' would occur 
across the bottoms of the separators. In assembling U. S. L. bat- 
teries pains are taken to make the separators of such length and to 
so fit them in place that their bottoms shall extend below the 
plates. Trouble has been experienced from distortion of the grids 
and the chiseling off of the ^separator bottoms by the sharp plate 
edges in their distorted condition. Buckled plates are saucer- 
shaped, so that the old-fashioned square-cornered plates did the 
most chiseling with their corners. To minimize the- effects of 
buckling, even though it be the result of abuse, U. S. L. plates are 
round-cornered." 
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Storage Battery Defects. — The subject of storage battery 
maintftiaiK-i; "as tliorouglily covered Jn a paper read by H. M. 
Beck befoi'e the S. A. E. and publislied in the transactions, of the 
eociety. Some estracts from tliis are reproduced in connection 
with notes made by the writer ami with excerpts from instruction 
hooka of battery riianufacturers in order to enable the reader to 
eet-ure a thorough grasp of this important subject without consult- 
ing a mass of literature. Endeavor has been made to simplify the 
technical points involved and to make the exposition as brief as 
possible without Blighting any essential points. In view of the 
general adoption of motor starting and lighting systems on all 
modern automobiles, the repairman or motorist must pay more 
attention to the electrical apparatus than formerly needed when 
the simple magneto ignition system was the only electrical pprt 
of the automobile. The storage battery is one of the moat impor- 
tant parts of the modern electrical systems, and all up-to-date 
repairmen and electricians must understand its maintenance and 
charging in order to care for cars of recent manufacture intelli- 
gently, as well as being able to understand the many industrial 
uses considered briefly in tliis volume. 

In taking care of a storage battery, there are four points which 
are of the first importance : 

First — The battery must be charged properly. 

Jecond — ^The battery must not be ovetfiistWv^^iii.. 
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Third — Short circuits betwesD the plates, or from sedin 
under tbem, must l>c prevented. 

Fcurtli — The plates must ije kept envered with electrolyte, i 

only wnwr nf ilip jmipiT puriiy iiseil fi'ir ri'jphu'iiig 




Sulphale 



Fig. 20. — Defective Parts of Automobile Lighting Battery Abused 
Service. A — Cracked Hard Rubber Cell Jar. B— Burnt Wa 
Separator. C — Badly Damaged Plate. 

In the event of electrical trouble which may be ascribed 
wcoii ponrre of current, first test the battery, using a low-resd 
yoJtmeter. Small pocket voUnieters can \« '^MTtthaaed for a 
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dollars and will be found a great convenience. Cells may be 
tested individually and as a l)attory. Tiie proj^cr time to take a 
reading of a storage battery is iiiunediately upon stopping or 
while the engine is running. A more definite determination can 
l>e made than after the battery has lx*en idle for a few hours and 
has recuperated more or less. A single cell should register more 
than two volts when fully charged, and tiie approximate "energy 
of a three-cell battery sliould !>e about 6.5 volts. 

If the voltage is Ijelow this tiie batteries should be recharged 
and the specific gravity of tiie electrolyte brougiit up to tiie re- 
quired point. If the liquid is very low in tiie cell new electrolyte 
should be added. To make tiiis fluid add ai)out one part of chem- 
ically pure sulpiiuric acirl to aliout four parts of distilled water, 
and add more water or acid to ol)t4iin tlie re<|uired specific gravity, 
which is determinc*d by a iiydrometcr. According to some autiiori- 
ties the hydrometer test siiould siiriw tiie spe<ific gravity of tiie 
electrolyte as al)out l.^^os or 2i} degrees Baume wiien first pn?pared 
for introduction in tiic ceil, and al>out 1.300 or 34 degrees Baume 
when the cell is ciiarged. 

The following taiile gives tlie corresponding specific gravities 
and Baum6 degrees : 



Bailing 


Sptf'cifif'Oravitv 


Baunn' 


Spc-ciiicCfravity 





1.000 


IS 


1.141 


1 


l.(K)« 


10 


1.150 


2 


1.014 


20 


1.1(50 


3 


1.021 


21 


l.lflO 


4 


1 .02H 


22 


1.17H 


6 


i.o.3r» 


23 


1.118 


6 


1.043 


24 


1.198 


7 


1.050 


25 


1 .208 


8 


i.or»H 


20 


1.218 


9 


l.OfJTi 


27 


1.228 


10 


1.074 


2K 


1.230 


11 


1.082 


20 


1.250 


12 


1.000 


30 


1.260 


13 


l.OOH 


31 


1.271 


14 


1.100 


32 


1.283 


15 


1.11.'» 


33 


1.204 


16 


1.124 


34 


l.-30fl 


17 


1.132 


35 


1.318 



The appended conversi(m formula and table of wjuivaients will 
be found of value in changing tiie reading of a hydrometer ^ <\^ 
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(icidomcter, from term:; of specific gravity to tlie Banme scale or 
i 
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- Baum4 degrees 
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Either voltage or gravity- reailings alone could be used, but as 
both liave advantages in certain cases, and disadvantages in others, 
advisable to use each for tlie purpose for which it is best 
fitted, the one serving as a check on the other. Voltage baa the 
great disadvantage in that it is dependent upon the rate o£ cur- 
rent flowing. Open-circuit readings are of no value, SB a cell 
reads alniast the same discharged as it does charged. 

loss of Battery, Capacity. — When a battery gives indication (rf 
lessened capacity it should be taken apart and the trouble located. 
If the ce!! is full of electrolyte it may lie of too low specific grav- 
ity. The plates may be sulphated, due to lack of proper charge 
or too long discharge. The cells may need cleaning, a conditioa 
indicated by short capacity and a tendency to .overheat when 
.charging. Sometimes a deposit of sediment on the bottom of tfje 
cell will short circuit the plates. If the specific gravity is low 
and the plates have a whitish appearance, there being little sedi- 
ment in the cells, it is safe to assume that the plates are Bul- 
phated. Sediment should be remoTcd from the cells and the 
plates rinsed in rain or distilled wat^r to remove particles of ditt 
or othfer adhering matter. 

Sediment in CellB.— The rate at which the sediment collects 
depends largely upon the way a battery is handled, and it ia 
therefore necessary to determine this rate for each individual ca&tb 
A cell should he cut out after, say, fifty charges, the depth of ee^ 
ment measured and the rate so obtained used to determine tlii 
time when the battery will need cleaning. As there is apt to bs 
some variation in the amount of sediment in different cells, and. 
as the sediment is thrown down more rapidly during the latte* 
of _p period than at the beginning, it is always advisable &>■ 
' at least one-fourth inch clearance. If the ribs in the bottgiB' 
it the ]ara are 1% inches high, figure on cleaning when the sedi- 
a depth of I'/a inches. Before dismantling a battery 
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for "washing," if practical, have it fully charged. OtherwiBe, if 
the plates are badly sulptiated, they are likely to throw down 
considerable sediment on the charge after tlie cleaning is com- 
pleted. 

There have been many complaints of lack of capacity from 
batteries after washing. Almost without exception this is found 
to be due to lack cff a complete charge following the cleaning. The 
plates are frequently in a snlphated condition when dismantled, 
and in any case are exposed to the air during the cleaning process, 
and thus lose more or less of their charge. When reassembled, 
they consequently need a very complete charge, and in some cases 
the equivalent of the initial charge, and nnlesa this charge is given 
the cells will not show capacity and will soon give trouble again. 
This charge should be as complete as that described elsewhere in 
connection with the initial char^. 

Bangers of iFlnshing. — "Flushing," or replacing evaporation in 
cells with electrolyte instead of water, is a most common mistake. 
Tiie plates of a storage liatterj- must always he kept covered with 
electrolyte, but the evaporation must he replaced with pure water 
only. There seems to bo a more or less general tendency to con- 
fuse the electrolyte of a storage battery with that of a primary 
cell. The latter becomes weakened as the cell discharges and 
eventually requires renewal. With the storage battery, however, 
this is not the case, at least to anything like the same degree, and 
unless acid is actually lost through slopping or a broken jar it 
should not be necessary to add anything but water to the cells 
l>etween cleanings. Acid goes into tiie plates during discharge, 
but with proper charging it will all be driven out again, so that 
there will be practically no loss in the specific gravity readings, 
or at least one so slight that it does not require adjustment be- 
tween cleanings. Thus, oniess some of the electrolyte has actually 
been lost, if the specific gravity readings are low, it is an indica- 
tion that something is wrong; but the trouble is not that the 
readings are low, but that something is causing them to be low, 
and the proper thing to do is to remove tha cause and not try to 
cover it up by doctoring the indicator. The acid is in the cells, 
and if it does not show in the readings it must b« Vci Vftt \.siT.'m. 
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of sulphate, and the proper thing to do is to remove the cause of 
the sulphation if there is one, and then, with proper charging, 
drive the. acid out of the plates and the specific gravity readings 
will then come back to the proper point. The too-frequent prac- 
tice in such cases is to add electrolyte to the cells in order to bring 
up the readings which, as already explained, are only the indica- 
tion of the trouble, and this further aggravates the condition, 
until finally the plates become so sulpha ted that lack of capacity 
causes a complaint. This practice of adding electrolyte to cells 
instead of water seems to be becoming more and more common. 

Sulphation, Cause and Cure. — When plates are sulphated, to 
restore them to their original condition it is necessary that the 
battery be given a long, slow charge at about a quarter or a third 
of the normal charging rate. This should be continued until the 
electrolyte has readied the proper specific gravity and the voltage 
has attained its maximum. 

It should be understood that sulphating is a normal as well as 
an abnormal process in the charge and discharge of storage bat- 
teries, and the difference is in the degree, not the process. The 
abnormal condition is that ordinarily referred to by the term. In 
normal service sulphating does not reach the point where it is 
difficult to reduce, but if carried too far, the condition becomes so 
complete that it is difficult to reduce and injury results. A very 
crude method of illustrating the different degrees of ^ulphating is 
to consider it as beginning in individual particles uniformly dis- 
tributed throughout the active material. Each particle of sulphate 
is then entirely surrounded by active material. The sulphate itself 
is a non-conductor, but, being surrounded by active material, the 
current can reach it from all sides and it is easily reduced. This 
is normal sulphate. As the action goes further the particles of 
sulphate become larger and join together and their outside con- 
ducting surface is greatly reduced in comparison with their vol- 
ume, so that it becomes increasingly difficult to reduce them, and 
we have abnormal sulphate. 

Slow Charge Cures Sulphation. — The general cure for sulphat- 
ing is charging, so that a cell, having been mechanically restored, 
the electrical restoration consists simply in the proper charging. 
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Sulphate reduces slowly, and on this account it is a good plan 
to use a rather low current rate. High rates cause excessive 
gassing, heating, and do not hasten the process appreciably, so 
that it is the safer as well as the more efficient plan to go slowly. 
A good rate is about one-fifth nonnal. The length of charge will 
depend upon the degree of aulphating. In one actual case it re- 
quired three months' charging night and day to complete, the 
operation, but tliia was, of course, an exceptional one. The aim 
should be to continue until careful voltage and gravity readings 
show no further increase for at least ten hours and an absolute 
maximum has been reached. In serious cases it may be advisable 
to even exceed this time in order to make absolutely sure that all 
sulphate is reduced, and wliere there is any question it is much 
safer to charge too long rather than to risk cutting off too soon. 
A partial charge is only a temporary expedient; the (.-ell, still 
being sulphated, will drop behind again. 

The Gould Storage Battery Company give a number of char- 
acteristics by which cells in poor condition may be recognized in 
addition to the usual hydrometer readings. The common causes 
of plate deterioration are also given. The plates may be of poor 
color; the color of a wet positive plate in good condition varies 
from a rich dark brown (almost black) if the plate is fully 
charged to a reddish, fairly dark brown if discharged. A light 
gmyiah coating on the positive plates is not a bad indication, if 
by rubbing with a clean stick or piece of hard rubber a good color 
is evident immediately under the surface. The color is much 
lighter for dried plates. The wet negatives are of a light slate 
gray if charged and somewhat darker if discharged. When dry 
they are considerably lighter, and may even be somewhat yel- 
lowish if allowed to heat in drying. If the color of the plates is 
not a8 described they are probably considerably sujphated. If the 
cell voltage is markedly lower on discharge or higher on charge 
than it should be, sulphating is also indicated. If the acid strength 
is low, the cell should be investigated for short circuits or su!- 
phated plates. Always he sure that the sediment does not touch 
the plates. It must be removed as soon as there is danger of 
this occurring. 
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Caoses of Plate Deterioration.- — Plates may get in poor con- 
dition from tlie following t-anses: 1st, Impure Electrolyte. — 
Either a poor <)uality used at the start, or through the uee of im- 
pure water or through foreign suhstanees getting into the cells. 
The remedy in this case, if the plates are physically in fair con- 
dition, is to replace the old electrolyte with new, the cells heing 
in a discharged condition, and then thoroughly charge the battery, 
Bnd, Short Circuits. — These are not frequent if the sediment is 
removed hefore it touches the plates, as the wash of the electrolyte 
in most vehicle batteries resulting from the movement of the car 
would tend to free them. If they do occur, the cell should be 
completely dismantled, the plates straightened and the cell assem- 
bled again, the separators Iwing completely replaced. The cell 
should then he thoroughly ciiarged. 3rd, High Temperature. — 
At temperature* above 100° F. corrosion is quite rapid, and this 
limit must not be exceeded. If possible, the temperature should 
not exceed 90° F. The positives niay be sulphated considerably 
from this cause and the plates grown abnorniaUy and distorted. 
If they are thoroughly corroded they must be replaced; if notj 
they should be straightened and thoroughly charged. The condi- 
tions should be changed so that the battery will not again be 
subjected to the high temperature. 4th, Standing Discharged, — 
The positive plates especially may be badly sulphated from tliis 
cause. The indication of this condition is a light color of the 
positive plates, possibly with blotches of a grayish color. The 
remedy in this case is also complete charge, though care must be 
taken that too much active material is nob thrown off during the 
charge. Under these conditions the active material is grannlar- 
and non-cohesive, so care is needed in charging and dischargingi 
to restore the plates to efBeiencj. 

Value of Cadmium Readings. — It is possible to make tests to 
determine the relative capacity of the positive and negative platea 
of any cell by means of a neutral electrode. Cadmium is well 
adapted for this purpose, and while such tests are not ordinarily 
made with small batteries they are very useful in determining 
le condition of large cells. The cadmium element consists oC a 
that material about the size of a lead pencil and 6 inclies 
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Trag, which is inperted into a soft rubber tube. Before insertinj 
the cadmium stick, the rubber tube should be perforated with 1 
number of holes about 1/lli of an inch in diameter. The I'ub^ 
her tube should extend at least J/g of an inch beyond one end 
of the cadmium element. A small flexible rubber-covered copper 
wire Bhould be soldered to one end of the cadmium stick. This 
3 joined to the negative pole of a voltmeter. A regu- 




Fig. 21.— Apparatus Used in Making Cadnuum Tests. 

lar contact "sticker," or "stabber," such as shown at Fig. 31, is 
connected to the positive pole of the voltmeter. 

After the total cell voltage tliroughout the battery is taken in 
the regular way, cadmium readings can be taken by inserting the 
rubber-covered end of the cadmium into the acid of the first cell, 
being sure that the bare cadmium stick does not touch either of 
the plate groups. Press the "sticker" leading to the positive pole 
of the voltmeter against the positive cross bar of the cell and 
note the reading. The diiference between the reading of the posi- 
tive group and the cadmium and the total cell voltage already 
taken will represent approximately the negative cadmium reading. 
For example, if the positive cadmium reading is two volts i 
the regular cell voltage 1.85, the negative cadmium would 

A positive is discharged when its cadmium ifta.ivi'^ ^^ ^^^ 
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fegnlar catalog discharge rate ia aliout 1.95, and the negative when 
Bbe cadminm reading is approximately 0.35 volt. At tlieee values 
Hie cell voltage would be 1.7. 

As a cell discharges the positive cadmium reading decreases, 

(rhile the negative cadmium reading will increase. The curve 

ihown in Fig. 23 illustrates the discliarge of a cell in which the 

ssitive plates are low in capacity. Xote the rapid drop in cell 

Blind positive cadmium voltage after three hours but the slow rise 
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. 22. — Curves Illustrating the Discharge of a Cell During a Cad- 
mium Test in Which the Positive Plates are Low in Capacity. 

in the negative cadmium voltage. All voltage readings must be 
taken while the battery is discharging at its catalog discharge 
The readings should be carefully filed and compared with 
I tests. In this way any cell not in condition will be 




rund. 

Electrolyte. — Electrolyte, as used in all lead pli 
consists of a mixture of pure sulphuric acid 
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istilled or other pure waters. Concentrated sulphuric acid is a 
leavy, oily liquid, having a specific gravity of about 1.835. A 
attery will not operate if the acid is too strong, and it is there- 
ore diluted with sufficient pure water to bring it to a gravity of 
.270 to 1.300 for a fully charged battery. Stronger electrolyte 
ban this is injurious. To prepare electrolyte from sulphuric acid 
f 1.835 specific gravity, mix with water in the proportions indi- 
ated in Fig. 23 for the desired specific gravity, taking the fol-' 
)wing precautions: 

Use a glass or earthenware vessel, never metallic. 

Carefully pour the acid into the water, never water into acid. 

Stir thoroughly with wooden paddle and allow to cool before 
eading the gravity. 

Both the water and the sulphuric acid used in making elec- 
rolyte should be chemically pure to a certain standard. This is 
be same standard of purity as is usually sold in drug stores as 
CP'^ (chemically pure), or by the chemical manufacturers as 
battery acid.^^ 

Electrolyte made from sulphuric acid meeting the following 
pecificatiojis will be satisfactory: 

Sulphuric acid to be high grade, either the so-called "Brim- 
tone Oil of Vitriol" or "Contact Process Acid" made from sul- 
hur of good quality. Must be water white in color and show no 
sdiment on standing. 

By analysis, impurities must not exceed the following: 

Platinum None 

ATsenic Trace 

Manganese Trace 

Iron 0.005% 

Chloride 0.001% 

Nitrogen in anv form 0.01 % 

Copper ! 0.002% 

Sulphurous acid None 

Organic matter None 

Must be free from all substances other than stated above. 

As great care is exercised in the manufacture of storage bat- 
ery plates and in the furnishing of acid to secure a high degree 
f purity, obviously attention should be paid to the purity of the 
rater used both in the dilution of coxvceritac^i^ftL ^ciA^ W Hiwss. S& 
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attempted, and replacing the loss in cells occasioned by evapora- 
tion and overcharge. The frequent addition of water required 
to replace evaporation leads eventually to a concentration of any 
impurities which it may contain. As ordinary water supplies are 
not pure, their use is always questionable. Water from natural 
sources should be used only with the approval of competent chem- 
ists. Eain water should not be used if distilled water is available, 
as it often contains traces of nitric acid and ammonia, either of 
which is harmful to storage batteries. Distilled water is preferable 
and should always be used unless otherwise advised by the chem- 
ists. The water should be stored in carboys or thoroughly cleaned 
whiskey barrels. Water obtained l)y condensing the exhaust from 
engines and which may thus contain cylinder oil and other im- 
purities should never be used for battery purposes. In cleaning 
batteries the ordinary tap water may be used provided it does not 
contain a great quantity of impurities. 

In this connection, the expression ^^chemically pure'^ acid is 
often confused t^rith acid of "full strength.'' Acid may be of full 
strength (approximately 1.835 sp. gr.) and at the same time 
chemically pure. If this chemically pure acid of full strength be 
mixed with chemically pure water, the mixture would still be 
chemically pure, but not of full strength. On the other hand, if 
a small quantity of some impurity be introduced into chemically 
pure acid, it would not materially reduce the strength, but would 
make it impure. The usual method of determining the strength 
of electrolyte is by taking its specific gravity. The method is pos- 
sible on account of the fact that sulphuric acid is heavier than 
water. Therefore the greater the proportion of acid contained in 
the electrolyte the heavier the solution or the higher its specific 
gravity. By specific gravity is meant the relative weight of any 
substance compared with water as a basis. Pure water, therefore, 
is considered to have a specific gravity of 1, usually written 
1.000 and spoken of as "ten hundred." One pound of water is 
approximately one pint. An equal volume of concentrated sul- 
phuric acid (oil of vitriol) weighs 1.835 pounds. It therefore 
has a specific^ gravity of 1.835 and is spoken of as "eighteen 
thirty-five.'' 



66 STORAGE BATTERIES SIMPLIFIED 

Since electrolyte, like most substances, expands when heated, 
its specific gravity is affected by a change in temperature. For 
the convenience of the operator, the follo\ving table is given to 
show the variation in the electrolyte specific gravity at various 
temperatures likely to be met with in service: 



Degree Fahrenheit 




Spec 


ifie Gravity 


106 






1.208 


ar 






1.211 


88 


# 




1.214 


79 




1.217 


70 normal 




■ 


1.220 normal 


61 






1.223 


52 






1.226 


43 


• 




1.229 


34 




1.232 


25 






1.235 


16 






1.238 


7 






1.241 



The solution must be allowed to stand several hours to cooL 
Never add hot or even warm electrolyte to a cell, as the plates 
are liable to be dangerously sulphated thereby. The stiengtb 
of the resultant solution should always be checked by hydrometer 
readings reducing the latter to 70 degrees Fahr. 

Features of the Edison Cell. — The instructions given apply 
only to batteries of ^he lead plate type and not to the Edison bat- 
tery, which is entirely different in construction. The Edison cell 
uses an electrolyte consisting of 21% solution of potash in dis- 
tilled water so that the electrolyte is alkaline instead of acidulous. 
For 6-volt ignition and lighting service it is necessary to use 5 
cells owing to the lesser voltage of the Ediso.n batteries. The 
average voltage during discharge is but 1.2 volts per cell, and is 
not as constant as is the case with a lead battery, the voltage of 
which may be as high as 2.5 volts per cell. 

An Edison 6.5-volt battery used for lighting or ignition may 
be charged completely in ten hours. A feature of the Edison 
battery is that overcharging at the normal rate has no harmful 
effects, and it is advised by the maker to give the battery a 12- 
hour charge once every 60 days or when the electrolyte is le- 
•^Jfioished. The electrolyte must be kept sufficiently high so as to 
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cover the plates, and any loss by evaporation must be compen- 
sated for by the addition of diatilled wat«r. Another feature in 
which the Edison battery is superior to the lead plate tj-pe is that 
) plates will not be injured if the cells are allowed to etand 
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r Supply in Edison 

in a discharged condition. The external portions of tlie cells 
must be kept clean and dry, because the container or can is 
of a conducting material. The vent caps must be kept closed 
spt wheH replacing electroMe or bringing the level up to the 
; by adding distilled watev. Caie %\\w\.&. \fc \.^«Sk,' 
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jsrti in oiwtrie vehicles and for automobile start- 
JtiuK ami ignition pj-stems, are made in two tj-pes. In odk.. 
'«a flsiitfi> oiwr if ilo|>ended on to keep the eleotrolj-te fan^ 
S out. 1hi» iHiii-.lnn'tion l»eing shown in the sectional "ieift, 

111 I'll' iilln'L' 11 vinvic-flfltijjp eoTer, as oatlined itt* 
■' "ith J^nling coiiiponnd. ITw 
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[nble-flange cover liaa two downwardly projecting flanges, one 
ing inside and the other outside of the cell jar. The two 
I form a channel or slot, holding the jar walls. In order 
E] insure a tight Joint a, small amount of sealing compound ia 
■xd at the bottom of the slot and between the cell cover and 
J top of the ruhbei' jar. 
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Fig. 26, — Exide Single Seal Burned Connector Type Battery. 

To unseal this type of battery two stout boards aliout one- 
quarter of an inch longer than tlie height of the jar are needed. 
Beet the side flanges of the jar on these, as shown at Fig. :^7 A, 
so the cell will be raised and the weight supported bv the wood 
blocks. Next warm the cover around the edges so that the seal- 
ing compound will soften, OE course, the terminal stvft.\ft -ssi^ 
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sealing nuts have been removed. As soon as the compound has 
softened, a little pressure with the thumbs on the terminal posts 
will cause the jar to drop out of the cover. The warming may 
be accomplished by passing a moderate flame quickly around tlie 
cover, taking care not to hold it at any one spot long enough to 
burn the rubber. 

With the single-flange type the sloping sides of the cover and 
flange at the bottom give a space about a quarter of an inch 
wide for the sealing compound. To unseal this type of seal a 
flat-bladed putty knife or a screw-driver is heated in the flame 
and run through the sealing compound close to the jar wall all 
the way around. This will loosen the compound and the element 
can be lifted out of the jar. When taking the elements apart, 
i. e., separating the positive and negative plate groups, never allow 
them to stand in the air, but always put them in some weak elec- 
trolyte. If the cell jar is broken and the parts are in otherwise 
good condition it is not necessary to remove the sealing nuts on 
the single-flange type, as the entire assembly may be lifted back 
into a new jar. If the cover is cracked it will be necessary to 
loosen the sealing nuts and to supply a new cover. . 

If the plates are found to be buckled, the operation of straight- 
ening is relatively simple. Spacing boards of suitable thickness 
are placed between the plates, also outside of the plate group, and 
the whole is put in a vise, as shown at Fig. 27 B, and subjected 
to a gradual pressure. If, in. addition to the buckling, the nega- 
tives have shed active material due to starvation or other abuse, 
it will be necessary to use a new set of plates. When the active 
material is very hard and not spongy it is "sulphat^d,^^ and par- 
ticular care should be taken in charging, after the cell is reassem- 
bled, to make sure that the electrolyte is brought to its maximum 
gravity. 

It is well to examine the wood separators to see that the ribs 

are not worn off and that there are no splits or other perforations 

to reduce the mechanical strength or destroy its utility as a sepa- 

*tor. The method of removing and inserting separators is clearly 

lined at Fig, 27 C. It is always necessary to clean out cell 
'horoughly after the elements have been removed in • order 
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p out all sediment and fallen active material. In inserting 
separators it is well to note that the flat side of the wood goes 
against the negative plate and the rib side against the positive 
plate. Where perforated rubber sheets are used in addition to 
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Fig. 27.— Some Operations When Repairing Exide Battery. A— Re- 
moving Double Sea! Cover. B— Straightening Buckled Plates. 
^^ C — How to Remove Wood Separators. D — Method of Locking 
^^^^caling Nuts on Burned Connector Type Cells. 
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tlie wood separators, these are always placed against the grooved 
Ride, one to each wood separator, and the two inserted between 
tlie plates together. When the separators are all in place the edges 
should be tapped with a wood block until they project e<]ually on 
each side of the plates. 

The sealing nuts are tightened with a special WTench, which 
is shown in Fig, 28. To lock the sealing nuts in place a pric^- 
puneh ia used tp burr the thread in spots above each nut, as shown 
at D, Fig. 2?. This will slightly upset the alloy thread on the 
post and prevent (lie nut from coming loose. This is necessary 
only on those types of cells having burned connections, as in 
bolted connections the thread of the nut post does not extend 
above the sealing nut. The top, or clamping nut, acts as a ]ock 
to prevent the sealing nut from loosening. 

Before sealing a cell, always wipe the surfaces against which 
the sealing compound is to be placed with ammonia and allow it 
to dry thoroughly. Otherwise the compound will not stick. Ia 
the double-flange type a string of sealing compound about 3/16tlW! 
inch in diameter is made by rolling some special compound be- 
Iwe n two boa d This ia packed in the space between the flangcBj 
and } at d bef re the cell cover is pushed in place. 

\\ 1 le t s n t difficult to release those types of cells having 
bolt ] on nnetl ng eirlps, the hurned-nn type connectors can- 
not b em da easily. To remove these solid lead links it is 
necessary to bore the connectors centrally over each post with fc 
%-inch wood bit. Another method is to play a burning flame on.'' 
the joint to soften the lead and then to pull oil the connector with 
a pair of pliers. The method of taking down the bolted connec- 
tion is clearly outlined at Fig. 28. The first step is to remove 
the filling plugs to provide more room for working on the bat- 
tery terminals. A special socket wrench is provided for the alloy- 
covered top nuts, this being easily turned by a special rateliet 
|. w rench. After the top nut is removed the spacing washers and 
^H^nector strips may be taken off, and it is well to take off the: 
^^Mnector strips without bending them. It is also well to save 
^^^■|^((y washers. These are placed one above, one between and 
^^^^^^ft.tbe two connector straps. Two types of connector strips 
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are provided, a simple form consisting of a straight piece, aud a 
later type, in wtiicii the lead-covered copper connectors are pro- 
vided with cast lead ends that eliminate the spacing washers. 

Do not try to unscrew the sealing nuts with a Stilson wrench. 
The wrench teeth will not only damage the sealing-nut corruga- 
tions, but the pressure may squeeze a nut so tightly into the 
threads that it cau be rcinoved only with diffitully. The spefial 
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box wrench illustrated is necessary for removing the sealing nuts 
without damage. This has a series of small projections which 
fit into the corresponding spaces on the sealing nut and make it 
very easy to turn that member. "Whenever a bolted connection- 
type cell ia assembled, the first step is to grease the studs well 
with vaseline. Slip one of the connector links over the posts of 
^joining cells, then an alloy washer over each post, followed by 
Bond connector and a second washer. The last •w^'^Ve.t w ■Cv*^ 
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put ini place and the top nut pulled up tight with a properly fit- 
ting socket wrench. If a monkey wrench or worn S-wrench is 
used the soft comers of the alloy-covered nut are apt to be marred 
if the wrench slips. 

Battery Bepair Tools. — The following list of tools and appa- 
ratus is given in the Gould Instruction Book, and will be found 
of vahie in repairing storage batteries of any make: One pair of 
rubber gloves, to protect the hands from acid; one 7-inch end- 
cutting nippers or one pair bolt cutters, for cutting connectors, 
plate lugs, etc. ; two pairs of combination pliers, for pulling ele- 
ments from jars; one triangular lead scraper, for cleaning plate 
lugs, terminals, etc.; one putty knife, for removing sealing com- 
pound; one half-inch wide wood chisel, for the same purpose; 
one five-inch screw-driver, for removing sealing compound and 
covers; one single-end wrench for removing terminal nuts; sev- 
eral coarse files and handles, for filing plate lugs, straps, etc.; 
one steel wire brush for cleaning files and battery terminals: one 
ball pein hammer, medium size, for general work; one 10-inch 
ratchet bit brace, for drilling links loose from pillar posts; one 
%-inch diameter bit-stock drill, for removing %-inch connec- 
tors; one yjjj-inch bit-stock drill, for removing %-inch connec- 
toi-s: one small drill, to start holes; one center punch, for cen- 
tering terminals to drill; one adjustable hacksaw frame and three 
8-inoh blades to fit it; one iron ladle, for pouring sealing com- 
pound ; one pair blue glasses, for use when lead burning ; one 
soft-rubber bulb syringe, for flushing and equalizing electroMe; 
one burning-rack, with extra guide plates; one hydrometer, for 
mixing electrolyte: one thermometer, for reading cell and elec- 
trolyte temperature, and one lead-burning outfit. A group of the 
tools recommended by the Electric Storage Battery Company for 
work on the Exide batteries is shown at Fig. 2d. The special 
terminal and box wrenches shown will fit the Exide batterv 
terminals onlv. 

To Eepair Gould Batteries of the Sealed Types. — Batteries to 

he repaired may have been in service but a short time, the neces- 

» for repairs being broken terminals, leaky jar, plates in one 

Murt circuited, etc. Under these circumstances it is only 
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necessary to make the repairs indicated by test. If, however, the 
battery has been in service for six months or longer, and the cell 
or cells to be repaired show general deterioration, it is very 
probable that the other cells in the battery are in nearly as bad 
condition, and the elements should be removed from all of the 
jars in tlie battery. If, upon inspection, plates are still in good 
condition, the wood separators should be discarded and new wood 
separators put in the good cells as well as those requiring repairs. 

To Dismantle a Cell: Have hattefy fully charged before dis- 
rnantling a cell. 

Remove vent cap and washer. 

To remove terminal or connecting link, center the tops of 
terminals and connectors oyer the terminal posts with a center- 
punch and drill down to depth of % inch, using a %-inch drill 
if you have %-inch posts and a yg-inch drill if you have 1-inch 
posts. Terminals or links can then be removed by working back 
and forth gently with gas pliers. 

To remove top cover. Soften the sealing compound by a jet 
of steam or a gas flame. The use of the flame requires very care- 
ful manipulation and continual attention of the operator. Care 
must be taken that the flame does not burn or scorch the edo^es 
of the cover. Then gently pry the cover from the jar. 

With a heated putty knife or screw-driver, clean the compound 
from the inside edges of the rubber jar. The element can now 
be removed (with the lower cover) by grasping each terminal 
post firmly with gas pliers and pulling up slowly but strongly, 
holding the battery down meanwhile. 

If separators are in good condition and a jar replacement only 
is to be made, set the element, with bottom cover, in electrolyte 
or water till ready to replace. 

Remove the bottom cover from the element after cleaning com- 
pound away from the posts. The covers may have warped from 
'' * heat. If so they should be heated again by being placed in 
ig water, straightened out and laid on a flat surface to cool, 
arate the positive and negative groups and discard the 
parators. If rubber sheets also are used, those that are 
^aonld be washed and laid aside for future use. The 
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n^ative group should be washed and also laid aside until needed. 
The negative group should be iuiniersed in water, otherwise it 
takes up oxygen from the air, which is liable to cause dangerous 
heating. 

To remove a leaky jar, pour boiling water in the jar to soften 
the surrounding compound and lift the jar from the case. If the 
compound Gannot be softened with boiling water, use a jet of steam 
or a flame on the inside of the jar. To install a new jar, pour 
boiling water in the jar. When it is thoroughly heated, press it 
carefully into place. 

To Replace an Element: To assemble tlie new oleniciit: inter- 




mesh the poKJtive and negative group, positive an<T negative plates 
alteniating. As a negative group contains one more plale than 
does the positive, both outside plates will be negative. Lay the 
element on its side, and put the separator retainers in position. 
Insert the separators between each pair of plates. If wooden 
separators only are used, the grooved side of the separator slionld 
lie nest the positive plate. If wood separators and rubber sheets 
are used, they should be inserted together, the rubber sheet be- 
tween the positive plate and the grooved side of the wood separa- 
tor. See that the separators are against the retainers and that 
Vilify extend equally on either side of the element. 
^^^Hpraaplng the element by the pillar poi-ts, \<iw«t ?,i«v'0\'3 \ti\a '^Sns. 
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jar. Fill with electrolyte of the proper density (see ^^Electro- 
lyte'^) and let the cell cool for at least twelve hours. Develop the 
plates. It is advisable to develop with the cover ofE on account 
of better ventilation and greater convenience in taking thermome- 
ter and hydrometer readings. Furthermore, if a fault develops it 
can be remedied without having to remove the cover. Proceed 
as follows: Burn a copper wire (about No. 10) to the top of 
each terminal post with a few drops of burning material, just 
enough to make good connection. Connect these wires to the 
charging source. Develop at a rate equal to six- tenths (.6), the 
final rate of the battery. The time required to develop at this 
rate will be about sixty hours. After the developing has gone on 
for thirty hours, disconnect the charging wires and reconnect so 
as to charge the balance of the cells in the battery asj well as the 
cell or cells being developed. When the cell voltage and the 
specific gravity have remained unchanged for five hours, the cell is 
fully developed. Even up the electrolyte in the cells to 1.300. 

Place the upper and lower covers in boiling water. When the 
lower cover has become thoroughly heated, press it gently into 
position. Carefully clean the inside edges of the jar and cover 
with warm water and dry with a flame. Otherwise, the compound 
will not stick. If there are any openings between cover and jar 
wide enough to allow the heated compound to run into the jar, 
work a small amount of compound around these edges, using a 
putty knife or brush before starting to pour. Pour melted sealing 
compound around the edge. Allow a few moments for this com- 
pound to harden slightly, then pour melted compound until it 
reaches a point slightly above the top of the expansion chamber, 
and at once press the heated top cover on the compound. Place 
a weight on the top cover and let it remain until the top cover 
cools fast to the compound. Pour melted compound around the 
edges and to the level of the top of the cover and smooth off with 
heated putty knife. Burn the connecting links and terminals to 

pillar posts. 

"Repairing Willard Automobile Type Batteries. — In repairing 

'nrd storage battery a definite routine must be followed in 

^wn and building up same in order that it will be in 
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the best eondilion when reassembled. These steps are as follows: 

First: Remove all vent plugs and washers. 

Second : Center punch both top connectors in each cell which 
is to be repaired; then drill % inch into top connector with a 
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Fig. 31. — Diagram Showing Construction of Points to be Reached in 
Rebuilding or Tearing Down Willard Storage Battery. 

%-inch diameter drill. Now pull off top connector with pair of 
pliers. 

Third : Apply gas flame or blow-torch flame to the top of the 
battery long enough to soften the sealing compound under the top 
cover. Now, with heated putty knife, plow out the sealing com- 
pound around the edge of the top cover. 
^^_ J'ourth : Insert a putty knife, or any other thin, broad-pointed 
^|ft heated in flame, along underside ot to'p co'sct, ki^is&q'^ \S. 
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from the sealing eoinpound. Then, with putty knife, pry the ia^ 
cover up the aides and off of the terminal posts. 

Fifth: Then, with heated putty knife, remove all scaling com- 
pound from inner cover. 

Sixth: Now play the flame onto the inner cover until it h&- 
comea soft and pliable; then take hold of both terminal posts of 
one cell and remove the elements from the jar slowly; then lift 
the inner cover from the terminal posts. 

Seventh : Now separate positive and negative elements, by pull- 
ing them apart sideways. Destroy old separators. 

Eighth : To remove a leaky jar, first empty the electrolyte from 

the jar, and then play the flame on the inside of the jar until 

the compound surrounding it is soft and plastic; then, with the 

aid of two pairs of pliers, remove it from the crate, slowly, lifting 

evenly. 

Bl Ninth : To put in a new jar, in place of the leaky one, heat it 

^pioroughly in a pail of hot water and force it gently. 

B Tenth: In reassembling the battery, first as^senibte the positive 

find negative elements, pushing them together sidewaj^s, then turn 

them on the side, and with both hold-downa in place, insert new 

Miparators, being very careful to have the grooved side of the sepa- 

i next to eat-h side of the positive plate. Also be careful 

I' have the separutora extend beyond the plates on each side, so 

i will be no cliance of the plates short circuiting. Now press 

I Beparartore up against hold-downs. 

lEleventh: Heat up inner cover with the flame; then place same 
1 terminal posts; then take hold of both terminal posts and 
Vly lower ttia elements into the jar, 

welfth: Now, with expansion chamber in place on the inner 

> until it reaches the level of the hole in the top of the ex.- 

reion chamber, i. e., so that when the top cover is replaced it 

I Bqneeze the sealing compound off the top of the expansicm 

mbera, 

JThirteenth: Now soften top cover with flame and replace on 
t^^.^l posts until it rests on top of expansion chamber; then 
ffiight on top cover until sealing compound cools. ^J 
: N'ow pour sealing compound around the edgi^H 
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[Re top cover until it reaches the top of top cover: then, when the 
peaiiog compound has cooled, take a putty knife and scoop extra 
soaiing compound off of top cover, making a smooth surface over 
all the top of the battery. 

Fifteenth : In burning the top connector to tenninal post, ' 
ceed as follows: Scrape the hole of the top connector until tin 
surface is bright and clean ; sci'ape terminal post until top and" 
edge of all surfaces are free of dirt. Now, scrape a piece of lead 
thoroughly, preferably a small bar; then appiy hydrogen-gas 
flame, mixed with air under pressure, to the top connector and 
terminal post assembled, at the same time heating lead bar. When 
top connector and terminal post begin to melt, apply lead bar di- 
rectly on same, melting it, thus making a firm burned connection. 
Then fill rest of hole-space with melted lead and smooth off even 
with top of top connector. 

General Care of All Lead Batteries: The battery boxes must 
be kept clean and dry. The acid-proof paint of both the hoses and 
the tanks must be kept in good condition by repainting when nec- 
essary. The terminals must be kept thoroughly clean and covered 
by a coating of vaseline. Corroded copper, iron or any other for- 
eign materials must not he allowed to get into the cells. If, 
through accident, this occurs, the acid in such cells must be 
thrown away and new electrolyte used. Matches or exposed flames 
of any kind must not come near the battery boxes, especially when 
the cells are charging. The gases thus given oH are explosive when 
Bufiiciently concentrated. Temperatures higher tlian 100° F. are 
to be avoided, as the corrosion of the positive plates is accelerated. 
IjOW temperatures are not injurious, although they temporarily 
reduce the capacity of the battery. 

Lead-Burning Outfits. — In all batteries having permanently 
jointed connections the various joints are produced by melting of 
a portion of the parts to he joined by a process termed "lead- 
burning," and forming a solid weld by means of heat to melt the 
lead, which may be produced with illuminating gas, hydrogen 
gas or the electric arc. The illuminating gas outfit is the simplest 
and can he used to advantage wherever that gas is available. It 
^ts of a special -burning tip and a mixing saha. J*. 'aciNj^\^_ 
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of compressed air is necessary, the pressure ranging from 5 to 10 
pounds, and the various parts of the apparatus are joined together 
by 5/16-inch rubber hose, which is securely wired to the appara- 
tus to insure tight' connection. This is made necessary by the 
air pressure advised. The mixing valve is a very simple fitting, 
comprising of two shut-ofE cocks attached to a common outlet 
pipe. One of the cocks regulates the gas supply, the other controls 
the amount of air. Naturally, the mixed air and gas issue from 
the outlet pipe. The burner is a special form, which gives a very 
hot flame. When the flame is properly adjusted for burning it 
will have a greenish color. If there is too much gas, the flame 
will be yellow and be very ragged. If the flame is a blue color, 
gradually becoming less visible, too much air is provided, and as 




^g. 32. — ^L«Bd-Buniing Outfits. A — Electric Arc Set. B— Hydrogu I 
Gas Genetuot. I 
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" result it h lacking in heating power. The hottest part of a. 
properly adjusted flame is just past tlie end of the inner point. 
Do not hold the flame too near the work, as the heating effect 
of the flame will be diminished if it is spread. If the air pressure 
is obtained from a tank holding a supply for blowing up auto- 
mobile tires, for instance, a reducing valve must be introduced 
in the air line lietwoen the tank and the burner. The best method 
of producing the air pressure is by a small blower. 

The apparatus needed for arc burning is shown at Fig. 33 A. 
The advantage of this method is that current from a six-volt bat- 
tery may be used, not requiring the fitting of ausiliaiy appara- 
tus. Although called an "arc-hurning outfit," it is said that the 
best; results are obtained by using the carbon as a soldering iron 
after it becomes heated without actually drawing an arc. The 
outfit is very simple, consisting of a carbon holder with cable, a 
clamp and a number of 14-inch diameter carbons. The method 
of using it for reburning connectors is 1 easily understood. The 
connector to he burned is connected to one terminal of the storage 
battery by a piece of cable, which can he made fast to the latter 
by means of a clamp. It is essential that the contact surfaces be 
scraped bright to secure a good electrical connection. The cable 
attached to the carbon holder is connected to the other battery 
terminal. If a battery is partially discharged the three cells will 
be needed, but if the battery is fully charged three cells may give 
too much voltage. The amount of current passing through should 
be sufficient to raise the temperature of the carbon to at least a 
bright cherry red while it is in contact with the joint. The car- 
bon should be sharpene'd to a long point and should not project 
from the holder more tlion two or three inches. The holder 
should be cooled off oeeahionally by plunging it into a pail of 
water. After being used for a short time the carbon will not heat 
properly because of a scale film produced on the surface. This 
should be cleaned off till the bare carbon is exposed before pro- 
ceeding with the viork. 

The hyd'-ogen-gas outfit, such as shown at B, Fig. 33, while 
more expensive and troublesome than the illuminating gas burner, 
produces a mueh superior flame for lead Iivktvto^, M\i. Ha ^'*'^"? %^'*'" 
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erally used where a large amount of work is done. The hydro| 
outfit shown is supplied by the Electric Storage Battery Gompa 
and consists of the following parts: One generator; one wa 
bottle; one air pump and tank combined; one branch pipe; ( 
finger pipe and set of tips; one 50-foot length 5/16-inch rub 
tubing; one two-foot length %-inch rubber tubing; two rub 
stoppers; one triangular scraper. The material for charging 
zinc, 15 pounds; water, IS quarts; sulphuric acid, 3*^ quarts 
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Fig. 33. — How Hydrogen Gas Generating Outfit is Set Up. 

The apparatus is connected up as shown at Fig. 33. The 
structions for using are sent with each outfit, but a brief oatl 
of tlie method of joining the parts may be of some valae. ^ 
Ijottom of the reservoir A must be higher than the top of the 
cliamber F. Connect the lower outlet M of the reservoir A "b 
the pipe G, coming out of the top of the gas chamber F. ] 
a short piece of 5/16-incli hose on the outlet E coming from 
gas chamber F, and kink this hose to constrict the passage i 
prevent anything coming through it. Put a rubber stopper 
outlet H of gas chamber F, and inspect carefully to see that i 
tightly in place. Remove the hand-hole cover X from the 
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'tte gas eiamber, place a quantity of zinc on the grating. Next 
replace tlie hand-hole cover, making sure that it is securely fas- 
tened, and screw down tight on its gasket. An amount of water 
is placed in reservoir A and then a certain amount of vitriol is 
poured into the water. The waah-bottle J is filled half full of 
water, and its outlet K is connected to one side N of the branch 
pipe. The other side o£ the brandh pipe S is joined to the out- 
let W on the air tank Q. The finger pipe U is connected with 




Fig. 34. — Method of Using Oxygen-Illuminating Gas Blow-Pipe Outfit. 

the outlet T of the branch pipe. Both cocks S and M are closed. 
Next take the kink out of the hose connected to outlet E of the 
gas chamber and allow the air to escape until the charge of water 
and vitriol runs down from the reservoir into the gas chamber, 
then alip the free end of this hose over the outlet marked L on 
the waeh-bottle. 

■ Ah the acid solution acta on the zinc, hydrogen gas is liberated. 
I gas is not only hot, but is apt to be laAea '«\\)ti ^(JwaNjei >A 
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acid. The function of the water in the wash-bottle is to cool 
gae and to clean it hefore it goes to the finger pipe. Air pressure 
IB pumped up into the tank. The petcock N in the brancli pipe 
is then opened and tlie liydrogen gas issuing from tlie burner is 
ignited. The air is then admitted by opening the petcock S and 
adjusted until a hot-pointed flame of a greenish color is obtained 
that is suitable for burning. If any of the solution is spilled its 





Fig. 3C.— Showing Antimony-Lead Alloy Grids Before Filling and How 
Plates are Joined Together by Connecting Straps. 

action may be neutralized by using Gold Dust, Pearline, washing 
soda, slaked lime, or ammonia. If burned when pouring acid into 
the reservoir, which, of course, will not occur unless this is eare- 
f done, apply olive oil to the burn and not water. 
Another outfit suitable for lead burning consists of apparatus 
br burning a mixture of oxygen and illuminating gases. Aa oxy- 
s widely used in many garages for carbon removal, the same 
J be easily connected up to a single blow-pipe outfit. The 
iOB are very clearly shown at Fig. 34. Aa the o.\ygen is 
r very high pressure in t\\e tanVi i.\, i& -[\et^?,a.T-j ^li -^to- 
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vme a pressure reducer so that its pressiire will not be too high at 
the burner. The illuminating gas is turned on first and ignited, 
after whicli the oxygen supply ie regulated, bo that a good-burning 
flame is secured. 

Lead fiuming. — I^ead burning consists in melting the nietal3 
and ciiuBing the parts to flow together and become joined without 
the aid of solder. It requires considerably more skill than any 
other form of brazing or soldering. A long step toward success 
may be taken by the proper arrangement of the work. It is usual 
to provide something whieh may serve as a mould or guide for the 
melted metal. For example, if two lead sheets are to be united by 
soldering, they are laid on a sheet of some non-lieat-con ducting 
substance, such as brick or ashestos. The work in the immediate 
neighborhood of the joint is carefully scraped so as to remove all 
oxide or scale which would tend to bind the melted lead and pre- 
vent it from flowing freely. The metal at the seam is lieated by 
a very hot hit or the flame from a blowpipe, so that there is a uni- 
form flow of lead across the seam. It is sometimes necessary to 
add more lead to the seam by melting a strip held in the hand. 
A flame of some sort ia the most satisfactory source of heal for the 
average lead-hurning job, because not only is the heat more uni- 
form, but also more intense, and the lead melts at the desired 
point before the surrounding metal becomes sufiiciently hot to 
soften. There are several types of blowpipe for this purpose on 
the market. The flame is usually small, sharp-pointed, and very 
intense. Lead burning is absolutely necessary, and is insisted 
upon in certain classes of work, for instance, in lining tanks with 
lead for chemical solutions, or for joining the grids and lugs of 
Btorage batteries. 

Directions for Lead Burning: To connect the various plates 
comprising an element, the Gould Storage Battery Company ad- 
vise the use of a spei'ial fixture to insure accuracy in spacing. Be 
careful to select the proper spacer (Fig. 36), and attach it to the 
bnrning-rack. Phice the plates on the bnrning-rack: so that the 
lugs extend through the slots in the spacer. Fit the connecting 
stra p over the Jugs, A(5just the spacer by Vne aft.^a*''^'*^?. "^'^^'^ ->»^vl\ 
-ap ie at the proper height on t\\e \u^. TSam?, "^"fc '^«»^^i 
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melt the lug to be burned and the adjoining material until they 
tend to run together. Using a piece of burning strip, melt the 
end thereof and fill in around the lug until the whole ia a molten 
mass. Allow the joint to cool and uut off the protruding end of 
the lug with a pair of end-cutting pliers. Melt the remaining 
end of the lug til! it flows into the strap. Repeat until all plates 
are burned to the ptrap. 

Burning Plates to Old Strapn: The storage hattery company 
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Fig. 36.— Gould Burning-Rack for Supporting Plates When Burning 
Plate Lugs to Busbars. 

furnishes connector straps for nearly all the modern types of bat^ 
Lteries. Sometimes it happens, however, that a battery of an old 
■ nodel or of a manufacture seldom used will be set up with straps 
Kconnot be duplicated. Under these circumstances the old 
i utilized. With the hacksaw cut off the plates. 
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Cut slots in the strap, using the old lugs as a guide. Cleanse the 
strap thoroughly in ammoniated water and scrape clean. Using 
the proper spacer, proceed as described above. 

To Burn Terminal Connector to Pillar Post: Scrape the parts 
clean. Fit the terminal connector to the pillar post. If the 
terminal connector does not set low enough, ream the terminal 
with the triangular scraper until the fit is exact. Heat with flame 
until the inside of terminal connector and outside of pillar post 
are one molten mass — throughout. Fill in with molten, burning 
material and allow to cool. To burn connecting link to pillar 
posts, proceed as above. 
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AUTOMOBILE LIGHTING AND STARTING. 
BATTERY DEFECTS AND RESTORATION SUMMARIZED. 



Dbfect 



l^rokon or orar k e<i coll jar. 

Pltttcn BulphuttHl. 

Aot ivo muteriftl crytitalliged . 

/lack of acid. 



Eloctrolyto low. 



UapHl charginR. 



ftolutitmlovcl to o high. 

r^cktKTcoll covor. 
IVfoctivo soaling. 
Pm)r vpnt. 



riuicrchargiiift. 



Charffing too faot. 
BuokltHl or warpoil plates. 



SiTort circuits. 

I^rgo MHiimcnt doi^osut. 



No currt»nt in ci>ld weather. 

Rotting woixl box. 
Vertiigritf on terminals. 
Rotting conductor wire insula- 
tion. 



Separator failurt>. 



Separators charrtnl or~punc 
t ur^HJ. 

lights umvrtain. 



vurnnu output low e\-vn though 
liquid is at prvn^r level. 



K\c«»s«sive currvn! e\>nsumption 



On«* cell defe^th-^. 



Aetix-^" material shedding. 



Batter>* not prvH^riy t'astenevi 
down. 



Symptom 



I./OW level in one cell. 



Gravity will not rise on charge, 



Gravity will not rise on charge 



Overheating. 



Overheating. 



Electrolyte leaks out of ^vents. 



Battery box eaten. 
Terminals corroded. 



Battery capacity low, 



Overheating. 



Battery loses charge rapidly 
when idle. 



Battery frosen. 



Too much acid or electrolyte. 



Impure water. 

Elect rolvte too rich in acid. 



i'iverheating. 
Loss of charge. 



Battery nearly disohargeii. 



Gravity of elivtn^l>to tix* low. 



Gravity of ele**tn.>lvte down to 



Remedy 



Replaee with new jar. 



Long slow charge at min. rate. 



Mix new electrolyte and fill 
cells recharged. 



Refill with water or electrolyte, 
depending on gravity. 



Regulate generator output. 



Draw out surplus with syringe. 



Do not fill cells so much. 



Au^nent generator output; 
charge battery from outside 
souice. 

Charge at lower rate. Cell 
temperature must not be 
above 100° F. 

Go over external wiring. 
Clean out sediment. 



Cannot usually be repaired. 
Trj' slow long charge. 



Take out surplus. 



I'se only distilled water. 
Dilute rich electrol yte. 

Replace separators. 
Maintain level of elci^rolj-te. 



Give b<Kksting charge from oat- 
side source. 



Bring gravity up to 1.280^- by 
charging. 



<.!Jive long slow charge 3 to 5 
amps. rate. 



Reb'dld vxvr ce*.'.. 



Rebv::Ki bctttTA". 



b it prvjHr hold-tiown otamps. 



Acivl escai^s thrvmgh vents. 

Kxee<ssive gassing. 
Pvvir Ik*x ventilation. 

Battery di^-KarnKNi. 



Total voltace low. 
Weak currt'nt.- 

Large ^nUment deinwir. 

Cell jar* brxfak or cn^ck. 



Temunais cv*mxie\i. Ciean with ?nimonia or 

I ir.iC!i..^iA- e<-v.t with vaseline. 

Meial baiter>* box eom.xi«>i. Use low^rr ohanpiac rate-CQ«t 

rvx i:;:tTior wi:h asfj^altom 



■ :?tarTing mv4or will not *ia:- Give thorvxzgh «.'harge frook 
I engicte. ■ outside v:urreiiC- 
_^_^^_^^______^_^_^__ riithts bum dig: f 

"•*or n*>« <rhan|Bmc pcv»|>.;B*twry ne«!>i't trvvjuen: boo?:- Overfeaul gener«<v. 

'. ice charges- Reguiaw :cc j'CV5?«Hr -•*'' 

rate. 




Battery-Charging Metliode — Currents and Voltages — Eleetrolytio Rectifiers 
— Vibrator Rectifiers — Mercury Are Rectifiers — Rotary Converters — 
Rheostats — Lamp -Bank Resistanee — Charging Precautions — Charging 
Vehicle Batteries— Winter Care of Automobile Storage Batteries. 

The equipment to be used in cliarging etorage batteries de- 
pends entirely upon the type and size of batteries to be charged, \ ' 
tbe current voltage and eliaracter available for charging, and the i 

individual characteristics of the batteries themselves. Storage bat- 
teriee can be charged only with direct current, i. e., that which ' 

flows always from the same direction. It is evident that the use 
of alternating current, if the mains were attached directly to the | 

battery, would result in rapid changes in the interior of the cells,. , 

and as the flow in one direction would tend to neutralize that in 
the other, the plates would depreciate very rapidly. If alternating i 

current is the only kind available, this must be transformed or rec- 
tified into direct current. All cells cannot be charged at the same 
rate. The greater the capacity of the battery and the higher its 
discharge rate, the greater the amperage of the current that can 
be used in charging. While the voltage of a storage battery made 
of certain materials will not vary with the size, the amperage or 
current output increases with the plate size and number, A lead- 
plate storage battery no longer than a thimble will have just as 
high voltage as one as big as a barrel. It will be evident, how- 
ever, that if too much current is passed through a small cell it 
will be injured, whereas too little current passed through a large 
cell will have but little effect on changing the character of the 
plates. 

There are two general methods in use for charging eithe.v iW 
Bulplmric-acid-lead batteries or the alka\\-T\ic\i^-\vftti.\j&\-V^i'^\e».^«a^ 
varioaa coniinercial applications. T\\e ?\vs\, Tsieftxo*., »-"^^ "^^ 
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one most widely followed, is called the constant-eurreiit t 
The other system, which has only received attention lately, 
called the constant-potential method. Two other schemes are used 
alfio which are modifications of the twn previously named general 




Fig. 37.— Battery-Charging Outfit, Having Pield-Coil Rheostab 

B-jnethods, one known as the multiple voltage system, the other aa; 

l.fixed resistance metiiod. Tlie eonstaiit potential method is 8f^ 

tto offer a number of advantages. There is less evaporation 4 

actrolyte and less shifting uf rheostats is needed. Any form 

^iiery may be charged by means of a fixed resistance cornieote 

H7)i=ri tiie battery countev ii\otUijn\QV\N'<i Iwtfe \% 1 
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equal to the voltage of the Hue, this method approximates the 
general characteristics of the constant potential system. If the 
voltage of the hattery is eonsiderahly less than that of the charg- 
ing current, the characteristics will approsimate the constant-cur- 
rent charging method. It may be stated that the variation in the 
current used for charging is inversely proportional to the difler- 
ence between the maximum counter voltage of the battery and the 
potential or voltage of the supply circuit. 

The usual method of charging batteries in garages is to con- 



ihe^^ 




Fig. 38. — Direct -Current Battery -Charging Outfit, With Rheostat in 
Line Between Battery and Main-Line Switch. 

nect them up in series. In order to meet the requirements of the 
best battery-charging practice it is stated that they should never 
he charged in series unless they are all composed of the same gen- 
eral type, size and capacity of cells, and that all of the batteries 
are in the same state or condition of discharge. The disadvan- 
tages of this method are that the batteries that have not been dis- 
charged so much as the others are apt to be overcharged, and if 
tlie battery capacity varies very much, tW e\\sw^vv^ v^^e vwi.'s \yi 
leiF for some cells and too high for othera. "SVe.^ &\=,*&.K'a».- 
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tages do not apply in charging vehicle batteries where the indi- 
vidual cells are of the same size, type and capacity. The only way 
the series charging can be carried on is by using a compromise 
charging rate and carefully testing the various batteries from 
time to time to make sure that they will be removed when prop- 
erly charged. The types and sizes of cells used in automobile 
starting, lighting and ignition batteries do not vary as much as 
might be expected, and if a compromise charging rate is intelli- 
gently selected, it is a method that gives fairly good results in 
practice, though it is theoretically wrong. 

When a direct current of 110 volts potential is available Edi- 
son batteries composed of 60 cells or lead-plate batteries of 40 
to 44 cells may be charged directly from the line by means of a 
rheostat to regulate the amount of current passing through the 
batteries, which is placed in series with each battery. If the 
service is of higher voltage, a motor generator or rotary converter 
set may be used. If alternating current only is available, various 
types of rectifiers are needed. If only one battery is to be charged 
and if the voltage of the generator can be adjusted by means of 
a rheostat connected in series with the field coils of the dynamo, 
as shown at Fig. 37, then no rheostat will be needed between the . 
battery and the dynamo, because the charging current can be kept 
to the proper value by varying the dynamo voltage. When a mer- 
cury arc rectifier is employed in battery charging, the charging 
current can be regulated by control dials and a rheostat is not 
needed. The various types of rectifiers suitable for use with alter- 
nating current are to be described in proper sequence. Rotary 
converters may be used with either direct or alternating current, 
depending entirely upon the type of motor used. It is evident 
that the dynamo of such a combination must always be of the 
direct-current type, though its output will vary according to the 
power of the actuating motor, the method of winding, and wire 
used in field and armature coils. The motor may be a direct-cur- 
rent type, wound for high voltage, or it may be a type wound to 
operate on alternating current. 

The arrangement of the essential parts of a typical battery- 
cbarging system where the cuTTent va\\xe \^ ^lU^t^^ Vj ^ ^ospaasaa 
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field-coil rheostat is shown, at Fig. 37. A shunt- wound generator 
is employed, and the main leads from the armature brushes are 
connected to the lower poles of a double-pole knife-switch. The 
battery is connected to the upper portion of the switch, an am- 
peremeter being placed in circuit as indicated. The hinges of a 
small double-throw, double-pole switch are connected with a volt- 
meter. The amperemeter and voltmeter should be of the perma- 
nent type. Before throwing in the charging switch it is possible 
to read the voltage of the battery, and also by throwing the switch 
to read that of the charging generator so that it may be adjusted 
to a slightly greater voltage. The main switch is then closed and 
the rheostat used to raise the voltage sufficiently to drive a suitable 
charging current through the battery. With a system of this kind 
a circuit breaker or automatic overload switch should be included 
in the main line to protect the apparatus in case of accidental 
short circuit. An underload circuit breaker should also be pttl- 
vided to shut off the battery if the current falls to such a "pcS/A 
that the battery will discharge through the generator. These ':'#l( 
not shown in the simplified wiring diagram, neither are the JSj(B i i 
that prudence dictates should be used. .yf 

The Westinghouse Vibrator Rectifier is an inexpensive foiiil 
of apparatus to charge small batteries from ordinary lighting cir- 
cuits. The device, which is shown at Fig. 42 A, reduces the volt- 
age of the lighting circuit to the proper value by the use of a 
small double step-down transformer, and rectifies this reduced volt- 
age to the uni-directional voltage necessary for battery charging 
by electrically operating switching mechanism. The transformer 
serves the double purpose of diminishing the line voltage for the 
battery to be charged and also for providing a return path for the 
direct current. The charging current flows from one end of the 

'secondary winding, and after passing through a regulating, resist- 
ance passes through a pair of contacts, which are closed auto- 
matically and at the proper time, and out from the center point 
of the armature to the battery, from which it returns to the neu- 
tral point of the transformer. During the next half cycle the 
voltage in the transformer secondary is reversed in direction wA 

the other pair oi contacts is closed and the voltage is applied t0 
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Efie battery from the half of the secondary that has previously 
been idle. As the current flow is in the fiame direction as that 
previously 8upplie<l, the battery is charged exactly the same as if 
nni-diret'tional current from a generator was used. 

The element upon which the success of the outfit depends is 
tJie vibrating mechanism, upon which devolves the duty to reverse 
connections in aynchronism with the voltage and also exactly in 
step with the transformer secondary voltage in such a manner 
as to open the current character circuit at the instant of zero 
current and prevent injurious wear of the contacts hy sparking. 
The following description of the action of this rectitier is repro- 



fCarbon Rods for Resistance 




Fig. 40. — Carbon Rod Rheostat. 

doeed from the Eleitnc Jourpal and thr action of the device 
may he understood by stud}ing the wiring diagram shown at 
Pig, 42 B. "Two small laminated iron magmts marked A.C. 
magnets, are connected in series across one half of the trans- 
former 9econdar\ ronnettiona being made so that the correspond- 
ing ends of the magnet are of the samt magnetic polarity. A 
direct-current magnet polarised b\ shunt current from the bat- 
tery, is so placed as to bring it's ends within the effective field 
areas of the A.C. magnets. Since the ends of the D.C. magnet 
I are of op]>08ite polarity, they are forced at any instant in opposite 
1 directions by the fields of the A.C. magnets and one pair of eon- 
^ laetB is closed. During the succeeding half cycle tUe A.C "vwwfe- 
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nets are reversed in polarity, while the D.C. magnet is not, the 
impelling force is reversed, and the armature takes such a posi- 
tion as to close the other pair of contacts. One side of the bat- 
tery is tlius connected alternately to the opposite ends of the 
secondary of the transformer in synchronism with the alternat- 
ing voltage, wiiile the other side is permanently connected to the 
center point. Exact timing to insure sparkless operation, hy 




'Charging leads 
B 



Fig. 41. — Devices for Rectifying Alternating Current. A — Vibrator 
Type Rectifier. B — Small Rotary Converter Set 

breaking the current -carrying circuit at the time when the battery 
and transformer voltages are e<|ual and opposite and no current 
is flowing, is secured by connecting in series with the A.C. mag- 
nets, a resistance which alters the power-factor of the current in 
the magnets without affecting that of the load current in the trans- 
former. This change in power-factor translates in time the im- 
pelling force, with respect to the current in the contacts, and 
secures the result of sparkless operation. This phase-controlling 
resistance is made variable, in order that the outfit will be ap- 
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it can be passed through the battery. Alternating current is that 
which flows first in one direction and immediately afterward in 
the reverse direction. When used in charging storage batteries 
some form of rectifier is essential. The rectifier may be a simple 
form, as shown at Fig. 43 A, which is intended to be coupled 
directly into a lighting circuit by screwing the plug attached to 
the flexible cord in the lamp socket. A rotary converter set, such 
as shown at B, or at Figs. 39 and 41, may also be used; in this 
the alternating current is depended on to run an electric motor, 
which drives the armature of a direct-current dynamo. The cur- 
rent to charge the battery is taken from the dynamo as it is 
suitable for the purpose, whereas that flowing through the motor 
cannot be used directly. 

The view at Fig. 43 C shows a usual form of hydrometer 
syringe which is introduced into the vent liole of the storage bat- 
tery, such as shown at Fig. 44, and enough electrolyte drawn out 
of the cell to determine its specific gravity. This is shown on the 
hydrometer scale, as indicated in the enlarged sections. A very 
useful appliance where considerable storage-battery work is done 
is shown at Fig. 45 A. This is a stand of simple form, designed 
to carry a carboy containing either acid, distilled water or elec- 
trolyte. In fact, it might be desirable to have three of these 
stands, Avhioh are inexpensive, one for each of the liquids men- 
tioned. In many repair shops the replenishing of storage batteries 
is done in a wasteful manner, as the liquid is carried around in a 
bottle or old water pitcher and poured from that container into 
the batterv, often without the use of a funnel. The chances of 
spilling are, of course, greater than if the liquids were carefully 
handled and more time than necessary is consumed in doing the 
Avork. The stand shown is about 5 feet high and is fitted with 
castors so it may be easily moved about the shop if necessary. 
For example, in taking care of electric vehicle batteries, it may be 
easier to move the carboy to the battery than to remove the heavy 
battery from the automobile. The container for the liquid is 
placed on top of the stand and the liquid is conveyed i\:ci\x>^ \\. \s^ 
a rubber tube. The rubber tube is atlaeVve^ \,o ?l ^^'^'^ Hx^^'^ ^^- 
tencJJng down nearly to the bottom oi t\ve \\o;a\^. N^ ^X^^X^^^X*^^ 




Mud Space 
pE- 43. — Devices Used in Charging and Caring for Storage Batteries. 



f the rubber tube au ordinary (.'lieiiiist'B clip, which conli-ols th&l 
ow of liquid, is placed. In order to start a flow of liquid it ia' 
ecessary to blow into a bent glass vent tube, whieii is also in-ij^ 
?rted into the stopper. Once the nihhor tube has lieeome filled 1 
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Discharged Cha rg ed 




Testing Specific Grc 



'ie- 44. — Outlining Positions of Hydrometer in Electrolyte When 
Cell ia Discharged at A and When Cell is ChaT^td ai.'ft, Vi.fOo.nfi. 
_of Determining Electrolyte Level at C. ■ftov) \.<J tii-c ^■'j^.e&vi 
tavity Reading Shown at B. 
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with liquid, merely opening the clip will allow the liquid to 
into tlie battery as desired. 

In most communities the incandeBcent lighting circuit is 
for charging batteries on account of the voltage of the p 
circuits being too high. The incandescent lighting circuit ma 





Fig. 43.— Simple Stand for Carrying Electrolyte or DistiUed Vi 
Bottle at A. Method of Using Rollinson Electrolyte 
Shown at B. 

iix forma. A direct current of either 110 or 

L over short distances, either 320 or 440 volts on three 

)ver long distances, alternating current at a coq 

ratial, usually 110 volts and in various polyphase systems 

i^ht he stated that in the majority of instances house and gi 

^ eireults furnish direct current of 110 volts. IVe will. 

; devices used with the alternating Intvn, ovie ul 
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own at Fig. 45 B. Tliis ia known as Ihe RolliiiBon electrolytic 
ctifier, which is based upon the following' principles; When an 
sment of aluminum and a corresponding element or plate of iron 
e submerged in a Bolution of certain salts, using these elements 
negative and positive tenninalB, respectively, the passage of an 




46.— Mercury Rectifier Bulba and 'Methods ol ■^vc\t\'& w Cnaxt'^ 
Storage Battery From AUernatms-CutT«tv\ ■W.awa. 
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electric current through* the solution produces a chemical action 
which forms hydroxide of aluminum. A film of hydroxide thus 
formed on the aluminum element repels the current. The arrange- 
ment of the cell will then permit current to pass through it in one 
direction only, the film of chemical preventing it from passing in 
the opposite direction. The result is that if an alternating cur- 
rent is supplied to the cell a direct pulsating current can be ob- 
tained from it. The outfits usually include a transformer for 
reducing the line voltage to the lower voltages needed for battery- 
charging purposes. Regulation of the current is effected in the 
simplest t3rpe by immersing the elements more or less in the solu- 
tion in the jar. As complete instructions are furnished by the 
manufacturers, it will not be necessary to consider this form of 
rectifier in detail. 

One of the most commonly used rectifying means is the mer- 
cury arc bulb. This device is a large glass tube of peculiar shape, 
as shown at Fig. 46, which contains a quantity of mercury in 
the base. On either side of this lower portion two arms of the 
glass bulbs extend outwardly, these being formed at their extremi- 
ties into graphite terminals or anodes, indicated as A and A-1 
in the diagram at Fig. 47. The current from the auto trans- 
former is then attached one to each side. The base forms the 
cathode or mercury terminal for the negative wires. The theory 
of this action is somewhat complicated, but may be explained 
simply without going too much into detail. The interior of the 
tube is in a condition of partial vacuum, and while the mercury 
is in a state of excitation a vapor is supplied. This condition 
can be kept up only as long as there is a current flowing toward 
the negative. If the direction of the current be reversed so that 
the formerly negative pole becomes a positive the current ceases 
to flow, as in order to pass in the opposite direction it would re- 
quire the formation of a new cathode element. Therefore the flow 
is always toward one electrode, which is kept excited by it. A 
tube of this nature would cease to operate on alternating-current 
voltage after half a cycle if some means were not provided to 
maintain a flow continuously toward t\ve ivegaWx^ ^\^ciVto^^. ^xl 
the General Electric rectifier tube thexe axe \.wo ^tio^^^ %?sA ov^a 
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cathode. Each of the former is connected to a separate side of 
the alternating current supply and also through reactances to one 
side of the load and the cathode to the other. As the current 
alternates, first one anode and then the other heconies positive, 
and there is a continuous flow toward the mercury cathode, thence 
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110 or 220 V. 
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Fig. 47. — Wiring Diagram Defining Use of Mercury Arc Rectifiers. 

through the loa<! (in this case the battery to be charged), and 
hack to the opposite side of the supply through a reactance. At 
each reversal the latter dischargee, thus maintaining the arc until 
the voltage reaches the value required to maintain the current 
against the counter E, M. F. and also reducing the fluctuations in 
the direct current. In this way a tnie co'Q^mv:iOM.s ^lO"* 
wi'tb very small loss in transformation. 
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A small electrode connected to one side of the alternating cir- 
cuit is used for starting the arc. A slight tilting of the tube makes 
a mercury bridge between the terminal and draws an arc as soon 
as the tube is turned to a vertical position. The ordinary form 
used for vehicle batteries has a maximum current capacity of 30 
amperes for charging the lead plate type, and a larger form, in- 
tended for use with Edison batteries, yields up to a limit of 50 
amperes. Those for charging ignition batteries will pass 5 am- 
peres for one to charge six cells and a larger one that will pass 
10 amperes for from three to ten batteries. As is true of the elec- 
trolytic rectifier, complete instructions are furnished by the manu- 
facturer for their use. 

The Wagner device, which is shown at Fig. 43 A, operates 
on a new principle, and comprises a small two-coil transformer to 
reduce the line voltage to a low figure, the rectifiier proper, which 
consists of a vibrating armature in connection with an electro- 
magnet, and a resistance to limit the flow of the charging current. 
A meter is included as an integral part of. the set for measuring 
the current flow. All sets are sold for use with ignition or light- 
ing batteries of low voltage, with a lamp socket-plug and attach- 
ing cord, the idea being to utilize an ordinary lighting circuit of 
110 volts A. C. The magnet and vibrating armature accomplish 
the rectification of the current with little loss, the action after 
connection to the battery which is to be charged proceeding auto- 
matically. By a simple device, the current stoppage throws the 
main contacts open, so the partially charged battery cannot be 
rapidly discharged. While the rectifiers are constructed to use 
60-cycle, 110-volt alternating current, they will work at all fre- 
quencies from 57 to 63. The size made will pass three to five am- 
peres, the voltage being sufficient to recharge a three-cell battery. 

AVhen batteries are to be charged from a direct current it is 
possible to use a rheostat to regulate the voltage at the terminals. 
The construction of a rheostat is very simple, as it consists only 
of a group of high-resistance coils of wire mounted in insulating 
material, and having suitable connections with segments on the 
base plate, upon which is mounted the operating arm that makes 
he contact. According to the manner in which these are made 
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and wired a large resiBtance is iatroduced at first, gradually di 
creasing as the lever is moved over, or it may operate in tlie re- 
verse fashion, a large amount of current being allowed to pass 
at the first contact and less as the handle progresses across the 
path. Eheostats should only he purchased after consulting a 
capable electrician, as the reijuired resistance must be figured out 
from the voltage of the circuit to he used, the maximum battery 



^ de- J 




Fig. 48. — Charging Storage Battery From Direct Current With the 
Lamp -Bank Regulation. 

current, the cliarging rate in nmpercs- and the number of cells to 
be cliarged at one time. 

By far the simplest method of charging storage batteries is 
'))' interposing a lamp-bank resistance instead of the rheostat. 
These are easily made by any garage mechanic and are very satis- 
factory for charging ignition or lighting batteries. Standard car- 
bon lamps of the voltage of the circuit shown sliould be userl, and 
the amperes needed for charging can be controlled by varying the 
i power and the number of lamps u^A. \1 Wxii \fwfti^'& -m.^ Vi^ 
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t.Ttf-.Ttt'f: on lIO-vo!" r;ircu:t. a lo^-aniile-Doiirer oartnin filai 
liirr.p x!:- perm in one-h^if ampere to pd.?.--: to o"2-<:aii«Le-p^wer 
al.o'ji- I •^mpf'.T*'. to p;i.*-. f: it i.-- «ie-Lreii. tlierer'-.-re. ti> paas i 
arrif)*:r^ rr.ro iSrh the hatrer.'. on*ir oouM u-^ 3 o*2-<:andle-p 
Urr:ri»-. or ^ I^;-<':an'i>:-ri'>'A'-:r ianiri-. Ii the lartir.'? are to ban 
5J'<jO '. o;*-, in -..Vju!'] 'J-; rernemriere*! tliat when the voltas 
rlo-ifi^rii the am;*era;ze i.-j out in half, therefore the 3"2-cai 
po ■*'«:.•*, '^'^O-volt r-arrjon n lament buLb-? will only pa.-?? half an 
f/:r<:. T^/; menho'l of wiring i- very -imple, as may be re; 
fi*r:(:ft.H\r\('A hv referring: to Fiz. 4S. The line wires are atta 
to a fi;-^: bl^Krk and then to a double knife switch. The 5\ 
and fii-e \iU/:k are ii.-ua!ly mounted on a panel of insulating 
teri^I -lioh aH ^late or marble. One of the wires, the posit ii 
the oir^uit, run-- from the switch directly to the positive terE 
of the -tora^re batter}'. The negative wire from the switch p 
to the lamp-bank resistance. The lamps are placed in pai 
connection with rc->j:^^;t to each other, but in series connectic 
re-pect to the battery. When coupled in this manner tho cui 
rnij-.t overcome the comliined resistance of the storage bat 
which i-. very low, and that of the lamps. Tliis prevents the 
iery bein;.^ char;(ed with current of too high voltage. 

A water resistance is easily constructed by using a fi 

wooden tub or lialf Imrrel. Two sheet-lead plates are suspe: 

from wom! r.tirrkH resting on top of the tub, the supports 1: 

movable to bring tbe lead plates closer together or separate t 

H-i rie-.ired. A wire is brought from the battery, as shown in 

4f^, to one «irle of the switch, then to one of the plates in 

;. water n-.-i.-tanccf, tben fnim the other plate of the water resist 

\i) an aniMMftcjr; to the other side of the switch and from 1 

to the op])osite pole of the battery. Such a resistance is usee 

F making a test dis('harge of a vehicle battery; it would not 

■^ Mwy practical way of charging batteries because of the greai 

I. Kor|)tion of current jjy the water. Before starting a dischi 

(•an^ shouhl Ixi taken to have the lead plates and wires separi 

V\w tub can ihen be filled with clean water and the switch cl( 



I' r 



A small (juantity of electrolyte should then be poured in the w 
// wry little at a time, until tlcve anrnveteT shows that the pi 
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aniount of current is flowing. Tiie farther apart the plates 
the greater the resistance. As more electrolyte ia added, ev( 
the plates are not disturbed, the resistance becomes lees. Nei 
let the plates tonch each othpr. 



eve^^^l 



/o/tmefer Ammeter 



Main Line (Direci Current) I ' ~^ 



Supports^ 




B Water 

Rheostat 



Mg. 49.— Method of Chareing 24.Cell Vehicle Battery at A. How 
r Rheostat is Used in Making Test Discharge Outlined at B, 
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The points to be especially emphasized in connection with the 
charge are: 

First — On regular charges keep the rates as low as practical 
and cut off the current promptly. It is preferable to cut off a 
little too soon rather than to run too long where there is any 
question. 

Second — Overcharges must be given at stated intervals and 
continued to a complete maximum. They should be cut off at the 
proper point, but when in doubt it is safer to run too long, rather 
than, to cut off too soon. 

Third — Do not limit the charge by fixed voltage. 

Fourth — Keep the temperature within safe limits. 

Fifth — Keep naked flames away from cells while charging, as 
the gas given off is inflammable. Always see that gas vents are 
clear before charging. L 

Winter Care of Storage Batteries. — It would not do simply to 
leave the battery in the car for a period of, say, four or five 
months without giving it any care or attention, for in that case 
at the end of that time it would be found to have its plates, so 
thickly covered with lead sulphate as to make it practically use- 
less. For storage batteries "to rest is to rust" and become ruined, 
unless special precautions are taken. Automobile storage batteries k 
are all or nearly all of the sealed-in type, from which the ele- 
ments cannot be removed without a great deal of trouble. There- . 
fore, the only method of keeping the plates intact consists in 
charging the battery at intervals of about two weeks. The follow- 
ing advice concerning the care of batteries during a protracted 
period of idleness of the car is due to the AVillard Storage Battery 
Company, and refers especially to the batteries of starting and 
lighting systems. 

At intervals of two weeks the engine should be run until the 
electrolyte shows a specific gravity of 1.280. If this is done regu- 
larly the engine need be run only about an hour each time. But 
the owner should not be in possession of an hydrometer, it is 

':er to run the engine two or three hours each time, for the sake 
itetj. To charge the battery properly the engine should be 

it a speed corresponding to a cat «>^^e^ ol ?>\io>aLV "^^ .^s3k:<$Vl 
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on the direct drive. There may be cases, however, where the 
owner is compelled to store his car in a space where it is prac- 
tically impossible to run the engine. Where this is the case, it is 
recommended, if electric current is available, that the owner pur- 
chase a rectifier or small charging machine. A charge over night, 
or for about twelve hours, every two weeks with this apparatus, 
will be sufficient to keep the battery in a healthy condition. Be- 
fore beginning the charging the battery should be inspected to 
see if it is filled with solution. If the solution needs replenish- 
ing, distilled water should be added until the solution fully covers 
the plates, which may be determined by removing the vent plugs 
and looking down into the cells. In case it is in;possible to run 
the engine for charging and the owner does not care to incur the 
expense of purchasing a rectifier, he should remove the battery 
from the car and arrange for its storage at a garage which has 
charging facilities, stipulating that it must be charged every two 
weeks. The cost of having it so cared for will be nominal and 
will prove excellent insurance against deterioration. 

To care for storage batteries of a type that is easily taken apart 
the following method is recommended: First charge the battery 
until every cell is in a state of complete charge. If there should 
be any short-circuited cells they should be put into condition be- 
fore the charge is commenced, so that they will receive the full 
benefit of the charge. Then remove the elements from the jars, 
separating the positive from the negative groups, and place in 
water for about one hour to dissolve out any electrolyte adhering 
to the plates. Then withdraw the groups and allow them to drain 
and dry. The positives when dry are ready to be put away. If 
the negatives in drying become hot enough to steam, they should 
be rinsed or sprinkled again with clean water and then allowed 
'o dry thoroughly. When dry, the negatives should be replaced 

•"he electrolyte (of from 1.275 to 1.300 specific gravity), care 

■Jcen to immerse them completely and allow them to soak 

or four hours. Two groups may be placed in a jar and 

id with electrolyte. After rinsing and drying the plates 

be put away. 

W separators should be rinsed in water. Wood sepa- 
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Explanation.— In the left-hand column find the figure nearest to 
he am pel e- hours discharecd from the battery; follow across to the 
xiliimn headed fiy the available time. The figure at this intersection 
3 the current to be used. 

Example.— Ampere-hour meter reading. 103 ampere-hours dis- 
harged: time available for boosting, one hour. Start at lOOin the 
eft-hand column; follow across to the column headed I hour and find 
0, which is the current to be used. 



Fig. 51.— Table of Charging Rates. 
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rators, after having been in service, will not stand much handling 
and had better be thrown away. If it is thought worth while to 
keep them they must be immersed in water or weak electrolyte, 
and in reassembling the electrolyte must be put into the cells im- 
mediately, as wet wood separators must not stand exposed to the 
air for any unnecessary moment, especially when in contact with 
plates. Storage batteries always should be stored in a dry place, 
preferably in one where the temperature will never fall below 40° 
Fahr. Storage-battery solution or electrolyte varies greatly in 
density between the points of complete charge and complete dis- 
charge. When completely discharged the electrolyte of the aver- 
age battery has a specific gravity of 1.14, and a sulphuric acid 
solution of 1.14 specific gravity has a freezing-point of about 10° 
Fahr. Therefore, if a completely discharged battery is allowed to 
stand where it is exposed to extremely low temperature it is quite 
possible for the electrolyte to freeze and the cells to be injured in 
consequence. However, as already pointed out, a battery for other 
reasons must not be allowed to stand in the discharged condition 
for any length of time. With increasing charge the density of the 
electrolyte increases until, when the charge is complete, it attains 
1.28 specific gravity. The freezing temperature of the solution 
drops very quickly as the specific gravity increases, somewhat as 
follows : 

Specific Freezing-Point 

Gravity. Degrees. 

1.14 -flO 

1.16 4-5 

1.175 — 4 

1.20 — IG 

1.225 —36 

1.25 —60 

1.28 —85 

Consequently, there is no possibility of a storage battery being 

injured by freezing in this latitude if it is kept in a fair state of 

charge. The freezing-points of electrolyte of different specific 

avities are also shown in graphic chart at Fig. 53. 

Charging Vehicle Batteries of Lead-Plate Type. — The follow- 

ctracts on modern electric vehicle batteries are reproduced 

1 article by J. H. Tracy and with the permission of The 
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Sleetrie Storage Battery Company, who issue the complete ilia 
■u98ioii in their Bulletin No. 156. These instruetiona do not 
apply to all types of leati-plate hatteries, however, but refer to 
he latest veliicle types made by this company. 

To the user of lead acid storage batteries in self-propelled 
■ehieles, the steady improvement of recent years is hardly no- 
iceable to the eye, although there has been an increase in the 
fffltt-hnur capacity of the hattery per unit of space and weight 
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Fig. 52.— Theoretical Variation in Charging Rate When the Rate in 
Amperes Equals the Ampere-Hours Out of the Battery. 

ind also in ihe serviceable life of the battery. There has also 
Deen a marked advance in the permissible rates of charge anc 
iischarge, which has added so mnch to the flexibility of opera- 
ion as to permit the use of much smaller batteries than would 
lave been considered a few years ago in the same service. The 
Allowing article explains the permissible rates of discbarge and 
he behavior of batteries under operating conditions which a few 
ears ago were considered prohibitive: 
Kjit can be safely said that high rates of discharge are in nft 

L 


\ 

i 
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way detrimental to modern lead battery plates. Batteries of tlie 
vehicle type are in regular operation under conditions in which 
practically all their work is done at rates which would empty the 
battery in ten minutes, and the same batteries would be sold to 
operate at the three-minute rate if there were a commercial de- 
mand for such operation. For such high rates of discharge, extra 
heavy terminals are provided to carry the current, no othes 
changes being required. 

It is well known that when discharged continuously at a con- 
stant rate the available ampere-hour capacity of a battery is a 
function of the rate of discharge, the available capacity being 
lower at the higher rates. *This reduction in available capacity at 
the higher rates of discharge is due to depletion of the acid in the 
pores of the plates. The rate of this depletion is the difference 
between the rate of absorption by the plates of the acid that is 
in the pores of the plates and the rate at which this acid is re- 
newed by diffusion with the other acid in the cell. It is the limit 
of this available acid that limits the capacity of the battery at 
high rates of discharge, and not any limitation in the plates them- 
selves. It is, therefore, impossible to damage the plates by over- 
discharge at high discharge rates. In fact, very low rates of dis- 
charge should receive more careful consideration than very high 
rates. 

In general, a battery may be charged at any time when a 
charge will be useful and at any rate which will not cause the 
temperature of the battery to exceed 110° F. and which will not 
cause tlie cells to gas freely except at low rates of charge. If these 
conditions can be watched no further directions or limitations 
need to be considered. As it is not always possible to watch these 
conditions, several methods of charging have been worked out 
which reduce the amount of attendance required while charging, 
and which permit the selection of the most economical way to 
charge the battery under any particular set of local cx)nditions, 
while assuring that the above limitations will not be exceeded. 

A general rule for determining the maximum permissible rate 
of charging a battery is : The charging rate in amperes must never 
ejcceed the ainj^ere-hours out of the battery. Any method of 
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charging that keeps the charging current within this limit will 
not overheat tlie battery or cause it to gas. In applying this rule 
it is not neceasary to reduce the charging rate below tiie "finish- 
ing" rate reconimende.l by the battery manufacturers. H an 
ampere-hour meter is used on tlie vehicle, so arranged as fo indi- 
cate tlie ampere-ljours out of the battery, it also indicates at all i 
times the maximum permissible charging rate. It will be noted 
that the maxinuim charging rates are no longer a function of the 
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^^Bsize of tlie battery or its relative state of discharge, but depend 

^^■only on the actual state of discharge. The curve in Fig. 5S shows 

^^H in percentage the tlieoretical variation in charging rate and also 

^^1 in state of charge if a battery were charged strictly in accordance 

^^B with this rule, and this represents the method by which a battery 

^^M may be safely charged in a inininmm time in regular operation. 

^^B It is evident tliat very wide latitude for proper charging la 

^^K offered from which to select the best way to charge a battery 

^^B Under any given local conditions. If the vehicle is equipped with 

^^B an ampere-hour meter the readings of this meter may be taken as 

^^P the basis for selecting a charging rate which may be used for a 

particular length of time, so that at the end of that time the 

charging rate will be at the maximum permissible rate, at which 

time the rate should, of course, be reduced. It follows from the 

• general rule for cliarging that. If R:^ permissible charging rate, 
D = ampere-hours out of the battery at the start of the charge 
(reading of the ampere-hour meter) and T = time in hours until 
the current can be adjusted, then R^D ~ ( -}- T) =maxi- 
mum permissible charging rate for T hours, and at the end of 
T hours the charging rate will equal the reading of the ampere- 
j^iiour meter. This value can again be divided by 1 -(- T for the 
piew charging rate, and so on until the charge can be finished at 
s finishing rate. If it is desired to charge the battery rapidly, 
^e time T should be taken as short as possible. For convenience 
ffable I, given in Fig. .51, calculated from this formiila, is given, 
phis table is of use not only in the charging-room, but also for 
s determination of the beat manner for charging vehicles und^ 
jny contemplated conditions and for the selection of charging 
fquipment to meet the requirements of these conditions. 
■ AmpfTe-kmir Meter Indications as Basis for Charging: It 
mid be carefully noted that if an ampere-hour meter is made 
i for charging a battery, care must be taken to be sure 
! meter indicates as nearly as possible the real state of 
'it the battery. An accurate record of the ampere-honre 
1 battery does not give an accviTate ineasMTC ot ^sa 
B neceaaary to fully recharge it, tor ftwre a^e. ccrtsra^ 
» in the battery which the ampe-ce-VouT iqsAct 
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■measure. In fact, there is no accurate way ,to predetermine ex- 
actly how many ainpere-houra charge may be necessary to fully 
c-harge a battery, nor is it necessary in ordinary service that the 
battery be really completely recharged daily. An ordinary clock 
is not an accurate inetrument for measuring time, yet if it is set 
correctly occasionally it is sufficiently accurate for ordinary pur- 
poses. It is the same with an ampere-hour meter. It is necessary 
that a battery be fully charged occasionally, say, once a week, if 
the battery is subjected to hard daily use, as on a commercial 
truck, and this furnishes an opportunity to set the ampere-hour 
meter. 

A battery is fully charged only when all the sulphate has been 
driven out of the plates into the electrolyte, and this is most 
easily indicated by the specific gravity of the electrolyte. As long 
as sulphate is being thrown out of tiij^'plates into the electrolyte 
during charge, the specific gravity of the latter must continue to 
rise, and when the rise stops the battery is fully charged. Most 
battery manufacturers recommend that a battery be given sucli a 
charge (called an equalizing charge), regardless of the indication 
of the ampere-hour meter, once a week or once in two weeks. 
When it is known that the battery is full, the charge is discon- 
tinued and then the meter is set to indicate a full battery, and the 
meter is then a sufi^ciently accurate indicator of the state of bat- 
tery charge to be used for a week or two weeks until another 
equalizing charge is given the battery, when tlie meter should 
again he set. 

Ampere-hour meters require cleaning and regulation at inter- 
vals as does a clock, and if they are treated in this manner they 
are of great assistance in the proper handling of a battery. These 
meters are frequently furnished with a contact-making device, so 
arranged as to interrupt the charging circuit when the meter indi- 
cates that the battery is fully charged, and this is a valuable pro- 
tection again unnecessary charging and gassing of the battery dur- 
ing ordinary operation. This tripping device should, of course, be 
disconnected during the equalizing charge. 



CHAPTER V 

Uses of Storage Batteries — Internal Combustion Engine Ignition — Auto- 
mobile Starting and Lighting Systems — Shifting Gears by Electricity 
— ^Electric Pleasure and Commercial Automobiles — Isolated Lighting 
Plants — Train . Lighting — StorageBattery Locomotives — Battery- 
Driven Street Cars — Submarine Boats — Miscellaneous Marine Applica- 
tions — Railway Switch and Signal Service — Stand-by and Booster 
Service — Drawbridge Operation — ^Mine Lamp Battery. 

TTses of Storage Batteries. — In tliis chapter the writer intends 
to describe briefly the most interesting of the many possible ap- 
plications of storage batteries, some of which are unusual, to say 
the least. A rather flexible imagination is needed to consider that 
the cheerfully lighted farm home; the lifting of a massive draw- 
bridge; the roaring start of a powerful automobile or hydro- 
aeroplane engine and the noiseless movement of the electric 
automobile are all accomplished by the same agency. Storage bat- 
teries propel numerous electric launches on the water^s surface, 
and are the sole power for the submarine lurking in its depths. 
Hundreds of palatial yachts are illuminated by this means, and 
the penetrating shaft of light from tlie miner's lamp is produced 
by the same energizing source. A wireless call for help from a 
ship in distress, with its life-saving possibilities, is produced from 
a few cells of a storage battery. The headlights of the myriad 
automobiles now using our highways after nightfall attest to the 
practical value of this current-producer. 

The magnitude of the industry and the great possibilities of 

the field for storage batteries can be only briefly touched upon, 

but it is evident, from a perusal of the following list, that they 

be used anywhere a dependable source of current is required. 

"^d storage batteries used in: Central lighting and power 

• electric railway power houses ; municipal and office build- 

vig and power; steel miWs; eVeetm \vo\s\. ^tA ^\^^^^it^'^ 

A21 
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isolated lighting plants for hotels; suburban residences and farms; 
railway switch and signal service; railway car lighting; interlock- 
ing switch service; United States Government submarine and gun- 
firing service; telephone, telegraph, wireless and fire-alarm service; 
laboratory and school work; electroplating; automobile engine- 
starting; gas-engine ignition; automobile lighting; electric trucks 
and pleasure cars; street railway cars; electric launches and mine 
and industrial locomotives. 

The Storage Battery for Oasoline-Engine Ignition. — Because of 
the almost universal employment of electricity for lighting and 
starting ystems, the battery ignition system has been improved 
materially, inasmuch as the storage battery supplying the current 
is constantly charged by a generator. A number of systems have 
been devised, these operating on two diiferent principles, the open 
circuit and the closed circuit. An example of the closed-circuit 
system is shown at Fig. 54, and is of Connecticut design, the com- 
plete ignitions system consisting of a combined timer and high- 
tension distributor, a separate induction coil and a switch. The 
system is distinctive in that the timer is so constructed that the 
primary circuit of the coil is permitted to become thoroughly satu- 
rated with electricity before the points separate, with a result 
that a spark of maximum intensity is produced. The action is 
very much the same as that of a magneto on account of the satura- 
tion of the winding. Another feature is the incorporation with 
the switch of a thermostatically operated electro-magnetic device, 
which automatically breaks the connection between the battery and 
the coil should the switch be left on with the motor idle. 

The contact-breaker mechanism consists of an arm A carrying 
one contact, a stationary block B carrying the other contact, a 
fiber roller R, which is carried by the arm A, and operated by 
'^oints on the cam C, which is mounted on the driving-shaft. 

mally, the contacts are held together under the action of a 

•pring. As the four cams, which in touching the roller R 

arm and separate the contacts, are 90 degrees for a four- 

otor, the period of saturation of the coil or the length 

> carrent flows through, it to t\\e \i^UeY^ i's. ^x^^elently 

• when the points have separatei, t\v^ e\K\eviV, nn\>:\^ 
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has ^^piled'' up, induces an intensely hot spark at the plugs. This 
is an advantage, inasmuch as it insures prompt starting and 
regular ignition at low engine speed, as well as providing positive 
ignition at high engine speed. 

The thermostatic circuit-breaking mechanism is very simple. 
This consists of the thermostat T, which heats when the current 
passes through it for from thirty seconds to four minutes without 
interruption, and thus is bent downward, making contact with the 
contact L. This completes an electrical circuit, which energizes 
the magnets M, causing the arm K to operate like the clapper in 
an electric bell. This arm strikes against the plate, which releases 
whichever of the two buttons in the switch may be depressed. 

As will be observed, the transformer coil provided has five 
terminals. One of these is connected directly wifh the ground, 
the other leads to the central secondary distributing brush of 
the timer-distributor. Of the three primary leads, one goes to 
the switch, one to the wire leading from the storage battery to the 
timer, and one directly to a terminal on the timer. The switch 
is provided with three buttons, the one marked B being depressed 
to start the engine, as the ignition current is then drawn from 
the storage battery. After the engine has been started the button 
marked M is pressed in, this taking the current directly from the 
generator. To interrupt ignition the button "oif" is pressed in, 
this releasing whichever of the buttons, B or M, is depressed. 
Four wires run from the distributor section of the igniter to the 
spark plug. 

One of the most popular of the combined starting, lighting and 
ignition systems is the Delco, which is shown at Fig. 55. For 
the present we will concern .ourselves merely with discussing the 
ignition functions of the system, leaving the self-starting and 
electric-lighting features for consideration later. Current is pro- 
duced by a one-unit type motor-generator, although the windings 
of the device when operated as a motor or a generator are en- 
tirely separate. The ignition current is obtained either from a 
storage battery, which is kept in a state of charge by the genera- 
tor, or from a set of dry cells which are carried for reserve igni- 
tion. The ignition system consists of a one-unit non- vibrator coil, 
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sometimes attached tn the top of tlie motor gunerator, though it 
may be placed at any cimveiiient part of tlie ear, and a dual auto- 
matic distributor and timer usually included as a part of the 
device as shown. When ignition current is supplied from the 
lighting circuit the current passes from the storage battery through 
a switch and out to the low-tension winding of the coil, from 
whence it passes to the timer and from there to the frame, where 
it is grounded. Tlie high-tension current generated in the coil 
runs to the distributor, where it is switched to the spark plug in 
the different cylinders in turn. 

The essential elements of any electrical ignition system, either 
high or low tension, are: First, a simple and practical method of 
current production ; second, suitable timing apparatus, to cause the 
epark to occur at the right point in the cycle of engine action; 
third, suitable wiring and other apparatus to convey the current 
produced by the generator to the sparking memher In the cylinder. 
The important part the storage battery plays in the gasoline auto-. 
mobile can be readily understood by the reader. 

Storage Battery for Starting Antomoblle Motors. — One of the 
most recent applications of the storage battery is in starting gaso- 
line engines used in automobiles. The storage battery has made 
the old hand crank obsolete, and has provided a convenient light- 
ing system as well as a positive motor-starting means. The parts 
of a two-unit starting and lighting system are ^hown at Fig. 56. 
This system is sometimes called a "three-unit" system, on account 
of having a source of independent current supply for ignition 
purposes. As will be observed, the generator is driven from the 
motor crankshaft by silent chain connections, one of the terminals 
passing through the cut-out device and to the storage battery, the 
other terminal running directly to the storage-battery terminal, 
having a short by-pass or shunt wire attached to the cut-out. All 
the time that the engine is running the generator is delivering 
electricity to the storage batterj-. 

It will be observed that the storage battery is also coupled to 
the lighting circuits, which are shown in a group 8.t U\^ ^\^\, ^A. 
the iliuftrstion, and to the eleetr\e-atHT\.mo -kioVot m, 'wi&vfa.V'^- 
One of the storage battery terminals ia jomea, 0L\\ec\X-3 \.w "Ov* t-s-AiSo. 
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^^^permiDal by a suitable conductor, the other goes to one of t!ie 
^^Htenniaals on the starting motor, while tlie remaining terminal of 
^^"llie starting motor goes to the switch. In this system, when tlie 
small sliding pinion is mesiied with the flywheel gear, the switch 
is thrown on simultaneou^ily, and the current that flows from the 
storage battery through the windings of the starting motor Totates 
the engine craniishaft by means of reduction gears shown. As 
soon as the engine starts the foot is released and a spring pulls 




Fig. 56. — Diagram Showing Components of Two-Unit Starting and 
Lighting System. 

the switch out of contact, and also disengages the sliding pinion 

L the fl^Trlieel gear. Electrical starting systems are usually 

jerated on either six- or twelve-yolt current, the former being 

merally favored because the six-volt lamps use heavier filaments 

1 those of liigh voltage, and are not so likely to break, due to 

It is also easier to install a six-volt battery, as this is 

mdard voltage that has been used for many years for ignition 

lighting purposes before the starting- motors wen. 

frring to a system as a one-unit system of lighting, start-' 

tion. one means that aU lyi ftvese U\o.ctwiv*- *t«\ncai- 

ia one tlevice, as in the De\co syatem a.t T\^. aa. "VI tyas 
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unit is used for generating the Kghting and starting current, and 
aliio is reversible to act as a motor, but a separate ignition means 
is provided, siich as a higb-tension magneto, tlie system is called 
a "two-unit" system. The same designation applies to a system 
when the current generating and ignition functions are performed 
by one appliance, and where a separate starting- mo tor h used. The 
ihree-unit system is that in which a magneto is employed for igni- 
tion, a generator for supplying the lighting and starting current, 
and a motor for turning over the engine crankshaft. 

The generator, as is apparent from its name, is utilized for 
producing current. This is usually a miniature dynamo patterned 
largely after those that have received wide application for gen- 
erating current for electric lighting of our homes and factories. 
The generators of tlie different systems vary in construction. Some 
have a permanent magnetic field, while others have an excited 
field. In the former case permanent horseshoe magnets are used, as 
in a magneto. In the otiier construction the field magnets, as well 
as the armature, are wound with coils of wire. In all cases the 
dynamo or generator should be mechanically driven fi-om the 
engine crankshaft, either by means of a direct drive, by silent 
chain, or through the medium of the timing or magneto-operating 
gears. Belts are apt to slip and are not reliable. 

All the current produced by the generator and not utilized by 
the various current-consuming units, such as the lamps, ignition 
system, electric horn, etc., is accumulated or store<i in the storage 
battery, and kept in reserve for starting nr lighting when the . 
engine is not runniug or for lighting and ignition when the car 
is being run at such low speed that the generator is not suppljing 
current. Storage batteries used in starting systems must be of 
special design in order to stand the high discharge and to perform 
efficiently under the severe vibration and operating conditions in- 
cidental to automobile service. The storage battery may be in- 
stalled on the running-board of the automobile, under the body, 
or under the front or rear seat, the location depending upon the 
design of tlie car and tiie degree of accessibility desired, as shown 
at Fig. 57. The best practice is to set t\\e a\fi"ce.gt Vutowj \». *. 
/ carrying case held by rigid ViTfttes attatVei ^.o Vfte Vtws^R. 



^^V tonne 
^^K read}' 
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Ride and cross memiiers. If the battery shoulil be set under 
tonneau floor boards, a door must be provided in these to give' 
ready access to the battery. 

The starting- mot or, which takes the place of the common hand- 
crank, is operated by current from the storage battery, and the 




Fig. 57. — How Storage Batteries are Installed in an Automobile 
When Used for Starting and Lighting Current. 

armature rotation is deduced to the proper crankiaft. 

by reduction gears of the different forms, to be descril)ed ' 

eequence. Tlie construction of the starting-motor is prafr 

the same as that of the dynamo, aod it operates on the sai 

except that one instniment is a reversal of the other. 

Order to secure automatic opetatlon cA a W^Xvao b.i\&. %Wb- 
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ing system several niecliauical and electrical controls are needed, 
these including tlie circuit lireaker, tlie governor, which may 
either mechanical or electrical, and the operating switches. The 
it breaker is a device to retain current in the storage battery 
[er such conditions that the battery current is stronger than that 
livered from tlie generator. If no circuit breaker was provided 
the storage battery could discharge back through the generator 
■winding. The circuit breaker is sometimes called a '"cutout." 
Tlie circuit breaker is usually operated by an electro- magnet, and 
may be located either on the generator itself or any other con- 
Tenient place on the ear, though in many cases the circuit breakers 
are usually mounted on the back of the dashboard. This device is 
absolutely automatic in action and requires but little attention. 

The governors are intended to prevent an excessive output of 
ooirent from the generator when the engine runs at extremely 
liigh speed. Two types are used: one mechanical, operated by 
centrifugal force, and the other electrical. The former is usually 
B friction-drive mechanism mounted on the generator shaft, which 
Hutomaticaily limits the speed of the dynamo armature to a defi- 
nite predetermined number of revolutions per minute. The maxi- 
mum current output is thus held to the required amount inde- 
pendently of the speed at which the car is being driven. The 
.use of this device minimizes the possibility of overheating the gen- 
erator overcharging the battery at high car speeds. The electrical 
im of governing does not affect the speed of the armature, but 
itrols the output of the generator by means of armature reac- 
and a reversed series field winding. The governors usually 
permit a maximum generator output of from ten to twelve am- 
peres, though the normal charging current is less than this figure. 
In practically all systems an amperemeter is mounted on the 
d&eh BO that it can be readily inspected by the driver, this indi- 
cating at all times the amount of current being produced by the 
dynamo or drawn from the battery. If the indicating needle of 
the amperemeter points to the left of the zero point on the scale, 
it means that the battery is furnishing current to tte \\^*» -ot. 
other current-consuming units or diachargmg. "^\yi\i *0\\'a "BftaS^^^ 
points to the other side of the scale, it meam V\\a.^L fce ^«ftCT^'>-«^ 
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I is delivering current to the battery which is charging it; the 
r amount of charge or discharge at any time can be read from the 
I scale on the face of the amperemeter. Some of these instruments 
f have the words "charge" and "discbarge" under the scale in order 
' to enable the operator to read the instrument correctiy. 

Another important element is the lighting switch, wliich is 




I 



Fig. 58,— Method of Installing Starting and Lighting Battery in 
Automobile Frame. 

usually mounted at some point witiiin convenient reach of 1 
ear driver. This is often placed on an instrument board oa t 
back of the cow! in connection with other re,<tistering iuatruraeHtfc 
Aa ordinarily constructed, the ewitchea are made up of a i 
of units, and the wiring is Fuch that the head, side and tail hmjfi 
may be controlled independently of each other. Fur Bimplii' 
and convenience of ingtaliation, the switch is usually arraii{ 
so that ail circuits are wired to parallel connecting memb era^tf 
''buabars/' placed at tlie rear of tlve switch. 
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APPROXIMATE CURRENT FOR LAMPS 



Voltage of Lamps 


Amperes per Candle Power in Tungsten 

Lamps 




Head or Other Large 
Lamps 


Side, Tail or Other Small 
Lamps 


6 

8 

12 


0.17 

0.125 

0.085 


0.21 
0.16 
0.1 



AMPERE-HOUR CAPACITY 

AT Normal Temperature of "Exide" Type LX and SX Cells 
IN Discharged Continuously at Rates Required for Ordinary 
G and Ignition Service. 



■.I 




Anpore Hours in Ignition 

Hcrvice 

Hours when Dis- 
jed intermittently for 

_ iting* 

Ampere Hours at 1 Ampere 

Rate 

Ampere Hours at 1 J^ Ampere 

Rate ^ 

Ampere Hou^ at 3 Ampere 

Rate .r 

Ampere Hours at 5 Ampere 

Rate 

Ampere Hours at 7J^ Ampere 

Rate 

Ampere Hours at 10 Ampere 
Rate 



Size of Cell 



LX-5 



50 

40 

39 

36}^ 

32 

28 

25 

23 



LX-9 



100 

80 

863^ 

81H 
73 

66 

603^ 

56 



LX-13 



150 

120 
136 
130 
118 
108 
100 
94 



LX-17 



200 

160 
186 
180 
164 
151 
141 
133 



SX-9 



80 

64 
68 
64 
57 
51 
46 
43 



SX-13 



120 

96 
109 
102 

91 

84 
77 
73 



* This capacity may be obtained by intermittent discharges of a few hours 
each during a period of three days or more. 
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desired. The first movement is the regular operation of the chiteh, 
but a continued operation of the clutch lever actuates the knife 
switch. 

Current flows from the battery through the solenoid coil and 
pulls a plunger against a magnet with a force which is given as 
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GEAR 



FIXED GEAR 



Fig. 60. — Simplified Diagrams Showing How Current Passed Through 
the Solenoid Will Draw in Iron Core Piece, Which May be 
Made to Shift the Gears. 

40 to 100 pounds. This energy is transmitted through an arm 
to the gear-shifting fork and gear in exactly the same manner 
as if the gears were operated with a hand lever. The plungers 
are normally in a neutral position. When the button is pressed 
on the control member, current passes through the coil around one 
of the plungers^ drawing it against the lasigiveV. \\. \^ ^"^^^^ Si^^ 
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the current required to make the shift is about 17 amperes, sndit 
is claimed, further, that thi'ee hundred speed changes may be made 
with less eurrent consumption than is required in starting the 
motor 'with an eleetrio-starting device. An advantage claimed for 
tlds electric gearshift is that the gears cannot be stripped, for the 
reason that the clutch must he disengaged l>efore a sliift can he 
made, and the gears are always in neutral before the coils can 
accoiuplieh the change. 

Satteries for Electric Automobiles. — Any practical form of 
Ftorage battery may be used for automobile propulsion. Either 
the Edison or lead-plate type batteries prove satisfactory for thia 
work. The lead-plate forms have thin plates to keep the weight 
down and make for quicker charging and discharging. The usual 
discharge rate is about two volts per cell, the amperage depend- 
ing upon the resistance to vehicle motion. It is said that the 
annual maintenance cost of the ordinary lead-plate cell is about 60 
per cent, of its original cost. A special vehicle type, called the 
"Iron Clad" (previously described), will cost about 30 per cent, of 
its initial purchase price annually to maintain it in proper con- 
dition. The Edison battery occupies about one-third more space 




Fig. 61. — EJectrically Propelled Taxicab, Having Part of StoraEC 
Battery Under Hood and Par's 'UTvict Rtar Seat. 
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than a lead-plate battery of equal capacity, and costs about two 
and ODC-half times as much, but it is said to retain its full capacity 
for three or four years. The lead-plate type will deliver about 
10 watt-iioura per pound weight; an Edison batteiy will give nearly 
14 watt-hours per pound. 

The usual number of lead-plate cells provided to charge from 
a llO-volt circuit is forty-two or forty-four, having 11, 13 or 15 
high-capacity plates per cell, while sixty-cell Edison batteries are 




i 62.— Industrial Truck. Using Batteiv ^o-"" "^ ^ ^^■(^-%^^'A. 
Electric Roadster Automobttc aX. "B. 



r 
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supplied to meet the same conditions. Tlie battery weight of tbe 
average electric veliicle is about 35 per wnt. of the total unloaded 
weight. In order to insure a rate o£ discharge that will not in- 
jure the batteries, electric vehicles are usually geared for moderate 
Bjieeds, seldom more tlian 18 to 20 miles per hour for pleasure or 
passenger-carrying cars on pneumatic tires. Heavy trucks sel- 
dom run faster than 6 miles; medium-capacity commercial vehi- 
cles may run 10 or 13 miles per hour. A number of electric 
vehicle- makers have adopted a 24-cell battery, using motora wound 
for about 48 volts. 

The motors used are almost always of the aeries-wonnd type, 
because they provide more power for starting. The usual pleasnre- 
car size is a motor of 2 k.w, rating, or about 2% horsepower. 
Veliicle motors have an overload capacity of 200 to 300 per cent., 
though, of course, this is practical for only relatively short periods 
of operation. The speeds are controlled by different combina- 
tions of the motor field winding. 

In Home electric vehicles the various car speeds were obtained 
by parallel and scries parallel combinations of the battery cells. 
Prom four to six forward speeds are generally provided, a simple 
reversing arrangement making it possible to have the same num- 
ber of reverse speeds if necessary, though this is not alwa_vs done. 
Another scheme of control is to have the motor field winding or 
coils BO wired that they may be put in series or in parallel groups. 
A resistance is used in securing the first speed with the field coils 
in series, Tiie second speed is obtained by cutting out the re- 
sistance and leaving the fields in series. Third speed is obtained 
by shunting the resistance across the fields, which are still in series. 
Tiie fourth speed is obtained by leaving the field coils in parallel 
connection and with resistance out, the fifth speed by shunting 
the resistance in with the parallel connected fields. The parallel 
iWnneetion gives greater speed, the series field connection more 
.Uing power. 

Electric motors for electric trucks usually have about one kilo- 
capacity per ton load added, the minimum being 3 k.w. on 
truck; thus a two-ton truck wWV i\eeA a ?> V.-*:. wiotor, a 
let 4 t.w., and 5 k.w. lor a ftve-Vira -ve\\\e\e- "YW -^oaoiti 
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riingejjo good road' is about 40 miles for a truck ami 75 to 100 
miles for pieastite^ars on one battery charge. Veliicle batteries 
are generally carried inRSrd^jbber jara and are nearly always of 
the sealed type on account of the liability of aplashing the elec- 
trolyte when the car is operated over ordinary highways. The 
cells are grouped in irays for easy handling, and all connections 
and couplings, terminals and battery straps are of nnasuall; 
rugged design. 

The present tendency in lead-battery design seems to be toward 
nse of more thin plates, as fifteen are firmished as a stand- 
ard equipment more often than a smaller number. Such an equip- 
ment will give 180 ampere-hours, and in some types may develop 
fully 200 ampere-hours. The reasons for the increasing adoption 
of the thin-plate lead battery are, first, an augmenting demand 
for more speed and greater range of action per charge, and sec- 
ondly, a realization on the battery-maker's part that the life of a 
tliin plate is equal to that of the heavier ones if the installation is 
properly made. One standard jar size now being produced will 
work with from 11 to 15 plates. The high-ribbed type of jar is 
used, having at least three inches below the bottom of the plates 
for sediment space, this reducing the amount of washing and nec- 
essary cleaning out of the cells. The jars are assembled side to 
Bide in trays, with the plate surfaces set at riglLt angles to the 
direction of car movement. One row of cells is moucted in each 
tray, these being set lengthwise in the battery compartment. This 
arrangement is said to reduce Jar breakage. 

Isolated Lighting Plants. — Slany makers of storage batteries 
have developed types for use in residence and factory lighting 
where central station power is not available. The advantages of 
electricity for the supply of light, heat and power have led to a 
jdemand for the satisfactory and economical operation of isolated 
The marvelous development of the internal combustion 
^soliue or kerosene engine and the improvements in the vari- 
of lamps have created an active interest in the appli- 
vf the storage battery to isolated plants of moderate size, 
ring recognized where vinintevrvipted twenty-four-hour 
a storage battery is an absoVulft Tiftnemt^ . TSeip 
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aTly in isolated plants the engine and goneratnr capacity is suiiB- 
cient for tlie total number of lamps connected, although they are 
all seldom in use at one time, consequently the plant operates nf 
but partial load diirlng the total lighting hours. This means low 
etBcieney, poor regulation and high fuel costs. The installation of 
a storage battery corrects this weakness by permitting the opera- 
tion of the generator at the full oi' the most economical load for 




Speed Controller Di 



Fig. 66. — View at Left Shows Battery Location; at Right the Con- 
troller Compartment is Opened to Show Accessibility of Wiring. 



a few hours and tlicn ahuttiug down entirely, the battery pro- 
viding tlie current for the balance of the time. 

In many cases it can be so arranged that the generator need 
be operated only every second or third day, and then at the most 
convenient time. \o additional labor is required; in fact, this 
cost is usually lessened, while the fuel cost and maintenance and 
repair expense are much reduced. By taking current directly from 
tiie battery, steady lights are obtained and the noises of engine 
at night avoided. When on special occasions unusual U^Utl^i?, \s> 
laired, the battery may be diacliaxgeft' m ■^a.TsOiS.eS. '«\'0.-v %«we^'^- 
^BJAtif/ demands equal to the comVmcd ca^aeW-^ cW'a.Vv.e^ ?>»? 
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generator may be supplied. The generating equipment may be 
stopped at any time for adjustment or repair without interrupt- 
ing the service, the battery being available for unexpected de- 
mands for power. The great advantage of electric current for 
operating pumps and other machinery at a distance from the 
engine and generator cannot be overestimated. The employment 
of electricity for driving fans, heating curling-irons, cooking, etc., 
is also of great convenience, and by installing batteries current is 
available at all times. 

The following rules for battery selection and methods of in- 
stallation and operation are reproduced from a bulletin issued by 
the Gould Storage Battery Company, describing batteries for 
isolated lighting plant use. 

Selection of Battery. — The number of cells is determined by 
the voltage of the system and is entirely independent of the size 
of the individual cells. 

Isolated plants of the various voltages require batteries of the 
number of cells given in the following table: 



Voltage of System 


• 

Number of Cells 


Voltage of System 


Number of Cells 


110 
115 
125 


60 
64 
70 


220 
230 
250 


120 

. 126 

138 



The size of the individual cells is determined bv the number 
of lamps, their candle-power and efficiency, and the length of time 
they must be supplied on one discharge. For ordinary purposes 
it is sufficiently accurate to estimate the energy taken by a 16- 
candle-power carbon filament lamp as 55 watts (110-volt, 16-can- 
dle-power lanip taking one-half ampere) and lamps of other can- 
dle-power on a proportionate basis. By using tungsten filament 
or nitrogen-filled bulbs, the current consumption may be ma- 
terially reduced for a given candle-power, and outfits of lower 
voltage will give satisfactory light. For example, a recently de- 
veloped, small-capacity lighting outfit Iot i«itTcv xji-s.^ ^5l^^% \f<i^ ^-^ 
cells of battery by operating 30-volt tvmgs,\,e\i ^^^.txv^^N. \«xs?c<$'^. 
To simplity £guring, we will consider a \o\\«Lg,^ VV^"^ "v^ '^^ ^"^^^ 
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mon use in places where a central station furnislies power or 
110 volts. 

Storage batteries are rated in "ampere-hours/' which defines 
their capacity and is the product of the number of amperes dis- 
charge and the number of hours such discharge can continue. The 
capacity at the eight-hour rate is considered the normal. As the 
ampere discharge is increased above the normal or eight-hour rate, 
the ampere-hour capacity decreases, as will be seen by the fol- 
lowing example: 



Rate, Hours 


Ampere Discharge 


Capacity 
Ainpere Hours 


8 

5 

3 


123^ 

17J^ 

25 

50 


100 

S7y2 

75 


1 


50 



Thus, while 121/2 amperes may be obtained for eight hours, or 
100 ampere-hours,, if the discharge be made at 25 amperes it can 
be continued for but three hours, or 75 ampere-hours; the remain- 
ing capacity of the battery is, however, available at a lower rate. 
On discharge at less than the eight-hour rate, the capacity of the 
battery is slightly greater, but the increase is small, and for ordi- 
nary calculation it is best to consider the capacity at rates lower 
than the eight-hour, the same as the eight-hour capacity. 

The size of a 110- volt battery can be approximately deter- 
mined by the method outlined in the following example, the con- 
ditions being that the battery will be charged at any time during 
the day convenient to operate the generator, and that the battery 
will be able to furnish current for lamps according to the fol- 
lowing schedule: 



Time 



A 10 P.M. 
6 A.M. 

8 a.m. 



Number of Lamps 



Twenty 16 c. p. 
Two 8 c. p. 

Six 16 c. p. 




Number of 
Hours 



5 
8 
2 



Amperes 
Hours 



V 



50 
4 
6 



^ 
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^^■"The last discharge rate is tlirce amperes, and there will be 
required a battery of sufficient size to t'urnisli CO ampere-hours 
at a three-ampere rate. This being less tlian the eight-hour rate, 
we require a battery having a normal rating of 60 ampere-hours. 
By referring to the tables given in the Gould catalog it will be 
seen that Type M-307 will give 7.5 amperes for eight hours, or 
CO ampere-hours at normal rating. Battery re<iuired, 60 cells, 
Gould Type M-307. 

The above example sliows a condition where the full normal 
capacity of the battery is used in carrying the load. Under some 
conditions this is not possible, i. e., where the latter part of the 
'discharge is at a high rate; and it is advised that the battery 
company cheek the size of battery before the final decision. 

Methods of Operation,— The principal function of a stoi'age 
battery in small plants being the furnishing of current for a con- 
siderable period of time, such as the night load of a residential 
plant, the operation of the battery consists of cycles of charge and 
discharge covering practically the capacity of the battery. The 
problem of operation, therefore, resolves itself into two parts: 

First — Voltage control during discharge: ■ Under ordinary \ 
operating conditions, it is desirable to maintain practically con- 
stant voltage on the lighting eircuiti — hence, as the voltage of a 
storage battery varies during discharge, various methods have 
been developed to compensate for the changes in the battery 
voltage. A fully charged battery which, standing idle, shows 
about 2.1 volts per cell, will show while discharging at the eight- 
hour rate about 1.8 volts at tlie latter part of the discharge, and 
somewhat less at higher discharge rates. Eor isolated plants one 
of the following methods is usually employed: (A) Resistance 
control. (B) End-cell control. 

Second — Control of charging current: To fully charge a bat- 
tery it is necessary to raise the voltage, as the charge proceeds, 
from about 2.8 volts at start to approximately 2.63 volts per cell 
at the completion of the charge. This is usually accomplished in 
one of the following ways: (A) Nontial voltage charge. Resist- 
ance control. (B) High-voltage charge diiectV-j Ito-ki. ^•eosK'i&Rft- 

hShunt-booster charge. 
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As the eeleclioD of a proper Jigliting battery should not be 
undertaken without consulting the battery maker, any reader wish- 
ing more involved, technical explanation of any of the methods 
described can obtain same by coiisulting the engineers of what- 
ever battery maker he may select. Typical lighting batteries of 
Gould manufacture are shown in Fig. 67, which outlines the con- 
struction of tiie .irlaes jar. gh-i? tank ami wooil-tank types. 

Details of Installation. — Could r^lonii;*' iKitlcries for light and 






power plants are usually installed either in glass jars, glass tanks 
or lead-lined wooden tanks. The Bmaller type of cells are iti- 
glass jars resting on a bed of sand contained in a glass 
1 tray. The sand tray is supported by four glass 
3 placed under the corners of the tray. Cells of medium 
My are usually installed in tanks of pressed glass, no sand 
) being used, the glass tank resting on the glass insulators 
rated i/iereirom ^y a small cushion of either lead or nib- 
( Jiard surfaces our of conVaet. CeWft ol "Cwi ^k^ 
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jar (or glass tank) type are tlie easiest to install, as the plates are 
grouped at the factory. The plates of each cell are burned to 
common cross-bava and terminal straps, the negative plate to one 
cross-bar and the positive to the other, forming respectively the 
negative and positive "groups." The two groups with separators 
form what is known as the "element." The cells of the glass jar 
types are joined by bolting the lead terminal straps together by 
means of lead-covered brass bolts. 

Lead-lined wooden tanks are often used for plants of mediiim 
size and always for those of large size. Plates of this type of cell 
are grouped at the place of installation by "lead -burning" the 
positive plates of one cell and the negative plates of tfie adjoining 
cell to a common busbar. All types of cells are usually installed 
with the supporting insulators resting on wooden stringers, these 
stringers having been previously painted with two or three coats 
of acid-proof paint. Cells of the smaller types which are not too 
heavy are generally installed on two-tier wooden racks in order 
to save floor space. The larger cells are installed in one tier, the 
wood&n stringers being supported by vitrified brick set upon the 
floor or by another set of glass insulators resting on vitrified tiles. 
A typical installation of glass jar cells j'oined to form a medium- 
capacity battery is illustrated at Fig. 68. In this, the battery is 
in a special room prepared for it, and the cells rest on wooden 
stringers, as previously described. 

Switchboard and Fittings. — It will he evident that the switch- 
board is an important detail of the storage battery lighting plant. 
The Type E switchboard used with some of the Electric Storage 
Battery Company outfits is shown at Fig. 69, the yiew at the right 
showing the face of the switchboard, wMle that at the left shows 
the method of installing the switchboard in connection with the 
battery supporting platform. The elect lic-current generator can 
also be fastened to the platform and belt-driven from the internal- 
combustion engine ordinarily used as power. In one corner, the 
ampere-honr meter dial is shown as an inset. Its use will be more 
fully described in jiroper sequence. The switchboard illustrated 
ie utilized in connection with low-voUa^e \\ovisft-\\^VTO.'^ aJw^^^ss., 
ija simple, yet complete. The genetaX a.TTa\\?,eKvet^.^^»a^«'*^^ 
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worked out with great care by competent engineers wlio are thor- 
oughly conversant with eiiiall-plant awitchboard. requirements as \ 
tlie result of experience gained in the installation and operation ^ 
of great numbers of such plants. i 

The arrangement permits: ' 

1. Lights to be run from battery only, or 

8. Lights to he run from generator wbile generator is also 
charging the battery, or 

3. Ijights to be run from generator and battery in parallel, the 
battery assisting the generator, or 

4. Lights to be ruu from generator only. 

In the ordinary operation of the plant, no hand manipulation 
of switches or any part of the switchboard apparatus is at any 
time necessary except adjustment of the generator current by 
means of the generator field rheostat. Hand manipulation of 
switches is superseded by the automatic operations of the auto- 
matic cut-in and cut-out switch. This switch is simple, durable 
and reliable. It has no adjusfments, because it needs none. Made 
in two sizes: 30-ampere, 32-42 volts, and 60-ampere, 32-43 volts. 
Panel of black oil-finished slate, 1 x 33i/i x 18 inches, on heavy 
strap-iron frame. Generator and battery switches are double-pole, 
Bingle-throw, with enclosed fuses. Ampere-hour meter connected 
in battery discharge and charge circuit. Ammeter connected in 
battery discharge and charge circuit. Pilot-light socket connected 
aerosB generator leads. Automatic switch connected in generator 
circuit, automatically closes generator circuit to line wheii gen- 
erator voltage rises to proper value, and opens on small reverse 
current. Generator field rheostat furnished only as extra and to 
purchsser'e specifica lions. Standard board includes provision for 
moanting front of board type of rheostat. Ground-detector lamp 
sockets for testing for grounds. 

Utility of Ampere-Hour Meter. — The ampere-hour meter, 
which is a feature of these switchboards, is of great practical value. 
It is to the storage battery what a tank gauge is to a water tank. 
It indicates at all times the current in ampere-liottta t».V,<»\ tsi*- ^s^ 
the battery. The hand moves from "¥u\\" ^.o-flftr^ "^i™M" ■sV'ctv 
t/ie battery is (/jscharging, and £tom ""E,«\v\.y \.Q'«%\i""^'^' -«Vr^ 
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le battery is charging. It is arranged to run somewhat slow on 
charge, and thus automatically provides for the necessary excess 
OT ampere-hours of charge over amperc-iiours of discharge. It is 
provided with a contact at the "l^iU" point, of which use may 
be made to light a lamp or ring a bell when the meter hand 
reaches that point, or to actuate a circuit-opening device in the 




Fig. 71.— Isolated Lighting Plant Installed in House Basement Using 
Edison Battery. Engine Power is Used to Drive Water Pump, 
Washing Machine and Other Domestic Machinery. 

engine igriitioti circuit, shutting the engine down when the hand 
readies the "Full" point. The ampere-hour meter is used: 

1, To show when the battery needs to be charged. 

2. While charging, to show at what rate the eliarging may be 
done, pei'niitting the use of relatively high charging rates and tU-i^ 
shor tening very materially the hours oi en^tie o-^ei^'t^cre^ lo^ ^"f^^- 

srging purposes. 
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I" 
3. To show when tlie battery has hpen fully charged i 
charging may be discontinued. 
4. As a poaitive Safeguard (if the simple instinictions are fol- 
lowed) against useless, wasteful and injurious overcharging < 
overdisc barging of the battery. 
5. Aa a continual and valuable check on the battery perform- 
■gnce, and therefore on battery conditions. 
6. To measure the daily or weekly current consumption, or the 
tnrrent u;-ed by flatirons, motors or other devices using current 
intoruullL'iilly in tlic performance of some specific task, and to 
r 




■Sectional View of Delco-Lite Gasoline Motor and Dyi 
lag All Parts of Power -Producm^ aT\4 CwTewY-tit 
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obtain otlier data of like character, wliicli are lielpful in operating 
the plant with economy, in preventing the waste of current, etc. 

7. To give, when audi is desired, a signal by light or hell, that 
the battery charge has been completed and should be discontinued, 
or to actuate a stop-charge device. 

Deloo-Idte Ontfit. — The system shown at Figs. 73 and 73 
was developed by one of the largest producers of lighting systems 
for automobiles, and incorporates many of the features of sim- 
plicity and ease of operation that have been essential in auto- 
mobile work. This combined, compact unit consists of a gaso- 
line engine, a dynamo and a switchboard. It weighs about 395 
pounds, exclusive of the storage batteries, which are furnished as 
a part of the outfit. It is a compact plant that will deliver 750 
, watts. It is a low-voltage system — 33 volts — as this saves battery 
expense; at the same time it is of sufficient voltage to operate 
light machinery efficiently. It is now possible to purchase almost 
anywhere standard motors and lighting fixtures for this voltage. 
, There is not the slightest danger in handling this low voltage. 

The gasoline engine is of the air-cooled type, so there is no 
danger of freezing, no matter where the outfit may be located. It 
is self -starting. All that is required is to close the switch, which 
starts the engine. It automatically cuts off when the batteries are 
charged. 

The batteries are of the sealed glass-jar type, especially built 
for use with this outfit, and come fully charged. It is said that 
they will not freeze at 20 degrees below zero, even when com- 
pletely discharged. Extra large space is provided for electrolyte 
OP liquid, and they are long-lived. 

Any number of lights may be installed, up to 50 or 60. The 
average place, however, bums only a few of these at any one time. 
When the engine is running it will carry thirty-two SO-watt lights 
continuouf'ly. The storage battery alone will carry fifteen 20-watt 
lights for eight hours. Of course, increased storage capacity can 
be provided. The batteries constitute a reserve source of energi', 
providing current that may he used, whea a l\^\. \% V^^w^Si- ^"^ 
or if some light machinery be operated, axit\v aa *Cfte Olvo.x-^, ■^%S^- 
ing-tuachitio, cream separator or vacuum cVa-nex. "^V^i wix-^e. "sse^ 
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only be run at intervals of perhaps once or twite a week, depend- 
ing upon tlie amount of current used. The claim is made that 
the average farm can be liglited for less than five cents per day. 
This ia less than lialf the rate in most cities. 




I the Delco-Lite Generating Outfit J 
the Storage Battery, 



Storage Batteries in Electric Train Lighting. — The develffp- 
of jiraclical train lighting by eloclrlcity was a great step 
ward, and its advantages were thoroughly appreciated by the 
■ puldic. ICIcctrie light contribufes to the safety of the traveling 
Atiblie, as it lowers the fire risk present with either oil lamps or 
^8 B&mes. Kny practical storage cell may be used for train- 
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lighting service, as satisfactory installations have been made with 
either the lead-plate or Edison batteries. This service is not ex- 
ceptionally severe, as an examination of some lead-plate batteries 
with a record of 500,000 car miles during a period of three years 
showed that the jars contained but one inch of sediment, and plates 
were in excellent condition. The results point to a normal life of 




Fig. 74. — Edison Storage Battery for Train Lighting, Showing 
Arrangement of Cells in Traya of Three, to Facilitate Handling. 

ten years with but one intermediate cleaning. The batteries used 
are very similar in general construction to those intended for 
use in electric vehicles, and are installed in trays for ready 
handling. The illustrations at Fig. 74 Hbow the application of the 
Ediaon cell to this service and the method of grouping the cells 
to form a battery. The location of the battery compartment on 
||«ar and accessibility of the batterv tra^a aie i;\ftat\N Ai^-(jw\.i*Si. 
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While the battery is an important part of a train-lighting sys- 
tem, the dynamo and method of regulation are also of interest. 
The E. S. B. system is shown in diagram form at Fig. 75, and the 
distinctive features making for automatic operation may be un- 
derstood by a careful study of the diagram. The dynamo has a 
bipolar armature rotating between heavy pole shoes, each pole- 
piece being securely attached to the core pieces. Two pairs of 
brushes are used, these being- spaced on quarters of the commu- 
tator, or 90 degrees apart. One pair is short-circuited, while the 
other is coupled through the series winding to the outside circuit. 
These brushes are known as the "short-circuit brushes^' and the 
"load brushes," respectively. The pole pieces are provided with 
the usual field coils, F^ and F^. The series winding F^ is con- 
nected between the generator terminal and the top load brush. 
The control field winding, F^, is connected across a Wheatstone 
bridge W and provides the primary field excitation. The mag- 
netic field produced by this primary excitation passes across the 
armature in the direction of the arrow P, and then through pole 
shoes, pole necks and frame of the machine. This magnetic field 
is, under normal operating conditions, of very small strength, 
producing a low voltage between the , short-circuit brushes B^. 
This low voltage, however, produces a sufficient flow of current 
through the short circuit between these brushes and through the 
armature winding to develop a considerable magneto-motive force. 
This latter magneto-motive force produces a magnetic field at 
right angles to the primary field, which passes through the arma- 
ture and pole shoes, as shown by arrows K, but does not pass 
through the pole cores or frame of the machine. This secondary 
field flux produces the desired voltage across the load brushes B^. 

One i)f the principal results obtained with the Rosenberg type 
of machine is the development of the same polarity for either direc- 
tion of rotation without employing any pole changer, or any altera- 
tions whatever in the circuit connections. This is due to the fact 
that when the direction of rotation changes the voltage generated 
uxroBB the short-circuit brushes by the primary field is reversed, 
^d the current flowing between ttveae \>TQi^\ve§» \&, WvKt^tQTe^ le- 
<w»©rf in direction. This reverses the iVteeWoTL oi \Jtife ^ftR«oSy»ri 
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Ueia K, which produces the voltage across tlie load brushes B-. 
It will be seen, therefore, tJiat wJien the direction of armature 
rotation is reversed the (Jirection of the main or secondary field 
excitation is also reversed, producing no change in polarity. The 
importance of this can he realized when one takes the method of 
driving the djTianio armature into consideration. It is Mt-con- 
nected to one of the ear axles and is just as apt to be driven in 
one direction as the other. 

Tlie E. S. B. dynanio is controlled for constant voltage rather 




Fig. 75.— Diagram of Dyi 



I Used with E. S. B. Car-Lighting 
System. 



than constant current, the voltage being held at approximately 
33Vli volts when used with 15-cell equipments. This control is 
effected by means of a Wheatstone bridge W connected across the 
machine terminals at two opposite junction points of the bridge, 
while the other two opposite points are connected to the field 
terminals. The Wheatstone bridge consists of two fixed rcsist- 
sncee, XX, and two iron wire "ballast" resistances, YY. The 
iron wire "ballast" resistances have the characteristic of increas- 
ing their resistance j-apidly with very small increments of cut- 
rent when operating at a dull-red heat. T\\e A<.=v^ (A ?kv- 'wSi-??. 
(for IS-cell equipments) is such ttiat -wVe-a VVwi \ft»aVmfe -^^^f^ 
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is SSy2 volts the resistances of X and Y are practically equal. 
Under these conditions no current will flow through the field 
winding F^. When the voltage is lower than 331/^, the resistance 
of Y is less than the resistance of X, and Y will, therefore, carry 
more current than X, the excess current flowing through the field 
winding F^. As tlie voltage of the machine increases, therefore, 
the field excitation becomes smaller and smaller, approaching zero 
as the voltage approaches 33 14 volts. At high speed the current 
in the field is actually reversed in order to partly counteract the 
residual magnetism in the pole necks and the frame of the ma- 
cliine. In series with the Wheatstone bridge is a fixed resistance 
R, which is normally short-circuited by a switch H, and is also . 
short-circuited by a contact clip or by an extra blade on the lamp 
switch. When the switch H and the lamp switch are both open, 
the resistance H is no longer short-circuited. The drop in this 
resistance then lowers the voltage applied across the Wheatstone 
bridge, and in order to restore tlie latter to its normal balanced 
value, the voltage of the machine will be increased by an amount 
equal to the drop in the resistance R. This arrangement permits 
the voltage of the machine to be increased during a daylight run, 
when the lamps are not in use, in order to give the battery a high- 
voltage charge if this should ever be deemed necessary or ad- 
visable. When the lamp switch is closed the resistance R is imme- 
diately short-circuited and the voltage of the machine is restored 
to normal, so that the lamps are never subjected to this high 
voltage. On the actual switchboard, the switch H consists of 
two terminals connected by a brass ro(J, which, by sliding length- 
wise, may be disconnected from one of them. While this means 
for increasing the voltage has been included to provide for pos- 
sible contingency, it has not been found necessary to use it <m 
any of some seventy equipments in service from two to three years. 
Automatic means are provided to prevent a battery overcharge, 
and a "cutout" arrangement is included to prevent the battery, 
discharging through the generator when its voltage is greater than 
the electromotive force of the dynamo. Means are provided to 
supply generator current to the battel^ a«> \t \^ ws^^d, ^o the cells 
^re always maintained in a charged coT\d\V\oT\., T\v^ \fe%Jcv>x«& dl 
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current control developed in car-lighting service have been'J 
adopted by automobile makers in the modern starting and llght-l 
ing systems which are so popular and now considered indispen-i 
e. The experience of the various storage-battery makers inl 
producing satisfactory batteries for tliis service was turned to gociirj 
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advantage in building the battery types intended for automobile 
engine-starting work. 

Storage-Battery Locomotives. — The conditions under which 
storage batteries used in mine locomotives or those intended for 
industrial work operate call for very careful selection and installa- 
tion. The battery should always be mounted in the locomotive 
so the flat of the plate comes against the direction of motion. 
When the plates are thus assembled in the jars there is no oppor- 
tunity for displacement, as would be the case with the plates ar- 
ranged so the edges were facing the direction of movement. A 
cushioning effect is obtained by the electrolyte against the plate, 
which is very valuable, as the many shocks incidental to the none 
too gentle coupling and uncoupling of the locomotive to the loaded 
cars and shocks due to sudden starts are thus minimized. Rubber 
cell jars should be considerably heavier for this service than are 
ordinarily used in automobile work. The trays in which the cells 
are carried should be provided with substantial partitions so the 
jars at the ends of the trays will not be subjected to the inertia 
of the remaining cells. Inasmuch as metal enters so largely into 
the construction of locomotives, the battery trays should be thor- 
oughly insulated from the frame and should be securely blocked 
in place so there will be no possibility of shifting. The battery 
should be mounted apart from the propelling machinery or motor, 
and so mounted on the frame to permit drainage of the battery 
compartment. The illustrations at Fig. 76 show typical locomo- 
tives for mine and industrial use, and in one the sides of the bat- 
tery compartment are dropped to show how the battery is mounted 
and how accessible the trays are. 

In case it is desired to make a rough approximation of the 
size of battery needed, the Electric Storage Battery Company gives 
a method that is very simple, and while the figures are approxi- 
mate, they enable the engineer to determine the type and size of 
battery best adapted for the individual requirements. If boosting 
charges can be given then batteries of lesser capacity can be used 
than if the machine must operate for more extended periods on 
one charge. The number of ceWa useA. \^*\\\, oi eovrt^^, ^^:rj ^\yft. 
the type of iocomotive and its weight, k \\\T^^-Vo^\wiQ»m^\:\s^ ^"sc. 
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he operated on 48 MVII-type cells, and by increasing the capacity 
(if the cells by making them larger the same nnmher can he need 
for a twenty-five-ton locomotive for freight-yard use and shifting 
loaded freight cars over tracks in city streets during the night 
hours when the traffic is light. Of course, the charging current 
available must he taken into consideration. A 48-cell battery can 
be charged directly from a 110-vo!t direct current. In some eases, 
where a power circuit of 330 Tolts direct current is u*ed, more 
cells may be provided and charged direeth fiom the power line. 
An example of this kind is an eight-ton mine locomotue equipped 
■with 100 MV19-type "Iron Clad" E\ide cells 

How to Fignife Hine Locomotive Battery Capacity — The fig- 
nre of 30 poimds per ton, which is taken a=> tlie tractive effort 
required to overcome friction, is considered sufhcient to include 
an allowance for curves which may be encountered a'* nell ai some 
allowance for tracks tliat are not up to good railroad standard. 
The efficiency of 66g per cent, assumed between the battery and 
locomotive wheels includes an allowance for rheostatic and braking 
losses as well as foi' motor and gear losses. Different values may 
ho assigned these constants, as the judgment of the engineer 
making the approximate calculations may dictate, without chang- 
ing the method of figuring. The typical round trip should be 
divided into as many parts as have different characteristics, such 
as different weight of train and different grades to be encountered. 
The requirements of each of these sections in each direction of 
haul should be treated separately in the following manner: 

(a) Determine the tractive effort required for level running 
by multiplying the weight of the train in tons, including locomo- 
tive by 30 pounds per ton to get the tractive effort to overcome 
friction on the level. 

(b) Find the tractive effort for grade, if any is encountered, by 
multiplyii^ the grade expressed in per cent, by 20 and multiply- 
ing thiB by the weight of the train in tons, taking this figure as 
positive for up grade and negative for down grade. 

(c) Add the tractive effort level ruijDing and tlw ■ttB.iA.w^ r^iwX 
for ffrade to get the total tractive effort. It Vc\e wohv \a -afe^^^w* 

^L^eaas the train is coasting anti no power \a leOjWV^^^- 
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(d) Multiply the total tractive effort by 3 to get watt-hours 
battery per train mile. (1 watt-hour equals 2.655 foot-poucds, 
which is very nearly l^ a mile per pound; tractive effort X 2 = 
watt-hours per train mile at the locomotive wheels. Assuming 66f 
per cent, efficiency between the battery and the wheels, we have 

tractive effort X 2 

^66f 

= tractive effort X 3 = watt-hours per train mile.) 

(e) Multiply the watt-hours per train mile by the number of 
miles of total operation on this section of the track in this direc- 
tion to get the watt-hours required for this portion of the operation. 
Repeat the above for all sections of the track and in both direc- 
tions. 

(f ) Add the watt-hours required for all portions of the opera- 
tion, and the sum of these gives the total watt-hours of battery 
capacity required. 

(g) Divide the total watt-hours by the voltage of the battery 
(the number of cells multiplied by 2) to get the ampere-hours of 
battery capacity. 

(h) Divide the ampere-hours of battery capacity by 31.5 to get 
the number of positive plates per cell. The figure 31.5, which is 
the 41/2-hour capacity of a positive plate in ampere-hours, can 
only be used when there are at least 5 cycles of operation approxi- 
mately evenly distributed over 41/^ hours or longer. 

(i) Multiply the number of positive plates by 2 and add 1 to 
get the number of plates per cell. 

The example which follows considers only one case, and, of 
course, applies only to the conditions stated. Each individual 
application must be considered with full realization of the con- 
ditions obtaining, but the procedure to be followed is substantially 
the same as outlined in any case. In any event, it is always well 
to consult the engineering department of the battery maker before 
using batteries for any purpose, as this results in securing advice 
that will assure a successful installation. 

Example. — ^Assume 600 feet \eveV ttaeY SlTi^ ^<^^ i^^^ q1 1.2 
per cent grade, a 3-ton locomotive, a 15-toiQ. \.T^^\ii^\c>^^\xi ^^ 
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irection against the grade and 6 tons trailing load in the direc- 
on with the grade, 20 round trips per 8-hour day, 48-eell battery.. 

This round trip can be considered in three parts: 

First, 800 feet up 1.2 per cent, grade, 18-ton train. 

Second, 800 feet down 1.2 per cent, grade 9-ton train. 

Third, all level running can be grouped,, using the full distance 
ad the average load 1,200 feet level, 13.5-ton train. 

First Part 

' 18 tons 

, . 30 pounds per ton friction 

(a) 



(b) 



(c) 



(d) 



(e) 



540 pounds TE for friction 

1.2 per cent, grade 
20 pounds per cent, per ton 



24 pounds per ton grade 
18 tons 



432 pounds TE for grade 

540 pounds TE for friction (a) 



972 pounds TE total 
3 



2916 watt-hours per mile 

800 feet per trip 
20 trips 



5280 16000 feet 



3.03 miles 

2916 watt-hours per mile (d) 
3.03 miles 



[8830 watt-hours for first paxt 
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Second Part 



(«) 



(6) 



(c) 



(d) 



(«) 



9 tons 

30 pounds per ton friction 



270 pounds TE for friction 

— 24 tons per ton for grade (6^ first part) 
9 tons 



—216 pounds TE for grade 

pounds TE for friction 
— 216 pounds TE for grade 



54 pounds TE total 
3 



162 watt-hours per mile 
3.03 miles {e, first part) 



491 watt-hours for second part 



Third Part 



(a) 



(&) 
(c) 



'13.5 tons 

30 pounds per ton friction 



405 pounds TE for friction 

No grade 
405 pounds per ton total 



(d) 



1215 watt-houTS pex mile 
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(e) 



1200 feet per trip 
20 trips 



5280 24000 feet 



•1.55 miles 

1215 watt-hours per mile 



(/) 



5530 watt-hours, third part 

491 watt-hours, second part 
8830 watt-hours, first part 



(9) 
(h) 

ii) 



14851 watt-hours, total 

^ 48 cells at 2 volts per cell gives 96 volts 
1 96 1 14851 watt-hours 



31. 5 1 155 ampere-hours 



4.7 positive plates, 5 must be used 
5 X ^ = 10 10+ 1 =11 

Battery will be 48 cells, MV-11. 



Storage-Battery Street-Railway Car. — The first practical 
power-propelled street-cars were converted horse-drawn types elec- 
trified by the use of storage batteries. The defects of tlie early 
storage-battery designs and the development of the present over- 
head feed-wire and trolle}^, as well as the utilization of high-voltage 
motors for this purpose, halted development of battery cars for 
a period. The improvements that have been made in modern 
storage batteries show that it can now occupy a position of im- 
portance in the trans]3ortation field. A variety of systems of 
street-car 2)roi)u]sion are available, each having a distinct field of 
usefulness. Thev mav 1)0 divided into broad classes, one 
whose units are suj)plied with ])()\ver from a central station, with 
which thpy must always be in contact, and those employing self- 
contained units. In the first class, we have third-rail, cable-con- 
duit and trolley systems; in the second ate ^low^^i^ ^Vo^'^v^^^'^X.^^^ 
and gasoline-electric types. The Electiic ^toT^^*^ ^^XX.^"^"^ Vl<^^«sr 
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pany have made a study of the battery car problem, and with the 
co-operation of the car builder and electrical apparatus manufac- 
turer, types have been designed that are especially adapted for 
street-car work. Cars of very high speed and power have been 
successfully propelled by storage-battery current, as well as the 
single-truck cars used in belt-line service. 

Among the situations which may present conditions favorable 
to tlie use of storage-battery cars are the following: 

1. Short rural lines not connected with other systems, yet 
meeting a distinct transportation need. 

2. Extensions or spurs to existing electric systems, serving dis- 
tricts which it is desirable to develop, but where the immediate 
traffic will not justify overhead construction investment. 

3. Lines operated to meet some local and special transporta- 
tion demand other than general public service, as, for example, 
between mills or factories and a main railroad depot or residen- 
tial center, plantation railroads, belt-line service in large manu- 
facturing plants, and the like. 

4. For the operation of branch lines or extensions used only 
during certain seasons of the year, as in connection with seaside 
and summer resorts, anmsenient parks and the like. 

5. x\s an adjunct to steam lines to supplement the regular 
steam-train service, furnish local service at short intervals and to 
branch lines; particularly on roads devoted largely to freight 
traffic, where there is need of a passenger service, but insufficient 
traffic to justify regular steam-train operation. 

6. Where local ordinances or other reasons do not permit the 
use of overhead trolley construction. 

7. For providing infrequent night or "owl" service. 

The storage battery for a single-truck car is located beneath 
longitudinal car seats in ventilated compartments, and can be 
easily reached for inspection by removing the seats and thus ex- 
posing the battery cell tops. It is composed of 58 cells, of type 
MV29 Exide, having a capacity of 67 amperes for six hours' con- 
'nuous discharge at an average of 114 volts. The cells are con- 
led in substantml wooden txay^, es^eYv eowt^cmvw^ four cells. 
teen such trays are provided, t\v^ \.oV^\ Twj«>^<i\ <il ^^^ 
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mounted -in this manner being flfty-eis. Two extra cells are 

needed to bring the battery np to the desired capacity, these being 

carried in smaller individual trays. The trays are convenient 

itts for easily removina: the battery from the car if necessary, 

as it may be charged in place and electrolyte readings and 

iration Iobb compensated for by removing the seats, in ordi- 



carrie' 




Pig. 77. — Storage-Batiery-Propelled Street- Railway Cars. At Top — 
} Single-Truck Car for Beit-Line Work in Cities. Below it. Fast 

Double-Truck Intenirban Car. 

nary operation the battery need not be removed from the car. 
The total weight of the battery is 4.876 pounds. The cells are 
ptactically of the same general construction as heavy motor-tmck 
liettevie?. being of tlie sealed type. Cars equipped with a battery 
' of this rapacity will take a 7 per cent, grade with full 
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discharge, and about 540 kilowatt-hours at the one-hour 1 
discharge. This capacity would be in excess of the capaciiyl 
any load storage battery installed iu the same tank, and wotild'^ 
five or six tons lighter than a lead -sulphuric-acid battery instaSt 
in the fame tank. This will naturally give the vessel an ij 
cruising area under water and provide excess capacity, because <) 
the reduction in weight, for fuel oil," 

The advantages of the Edison battery are given by 
authority as follows: 

"First, it is the lightest batterj', and occupies the least n^ 
for a given output of any now obtainable. 

"Second, its electroljte is non-corrosive, is not injurious t* ti 
■steel work of the hold or fittings of the boat. 

"Third, it cannot cause leaks by corrosion of rivets or j(aa\d 
no matter how much electrolyte might escape from the cells. 




J^'ig. 80. — The Edison Submarine Boal Bawctv a'n.iTwQ at the Platts 
Showing Use ol Si\ib-(jTi.i'&- 
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''Fourth, in the event of sea-water entering the boat,* through 
cs caused by external explosion of submarine mines, etc., the 
sonnel cannot be asphyxiated by the formation of chlorine gas. 
"Fifth, its mechanical structure makes it capable of resisting 
3ks, rough treatment and concussion from nearby external ex- 
sion of submarine mines and bombs. 

"Sixth, it is impossible to buckle or distort the plates by rapid 
rge or discharge. 

"Seventh, the active materials do not shed off with use. 
"Eighth, the capacity does not diminish with use until the life 
:he battery is nearly exhausted. 

'^Ninth, it does not require dismantling to remove sediment. 
"Tenth, it has a longer life under any given conditions than 
' other available battery. 

^^Eleventh, the individual cells are comparatively light, and 
y be easily handled if necessary. 

"Twelfth, an excess emergency capacity may be stored by pro- 
ved overcharge. 

"Thirteenth, the plates are not injured by standing discharged 
the electrolyte for any length of time. 

"Fourteenth, it is unnecessary to remove plates or electrolyte 
in a boat is laid up or put in reserve. 
"Fifteenth, no hydrometer readings are necessary. 
"Sixteenth, it is not necessary to carry a supply of electrolyte. 
"Seventeenth, it can be charged at high rate. In fact, a full 
rge can be put into the battery in one hour if the electrical • 
jhinery is available for doing this. 

"Eighteenth, it is never necessary to remove sediment or re- 
}e separators, .and also because of its long life a boat equipped 
li an Edison storage battery can be kept in service and doe?^ 
have to be laid up on account of battery conditions when it 
r be required for military purposes. 

"Nineteenth, in an emergency sea-water can be used for the 
enishment of electrolyte. While if this is done frequently the 
;es will ultimately lose some capacity, no harm results from 
ig it a few times under stress of militarv necessity. 
"Twentieth, oxygen is given off at a \ovi ^^X.ei <^1 ^x'^^a'^.^^^- 
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Just enough to maintain the atmosphere of the boat in condition 
for the crew in any long period of submergence. 

"Twenty-first, carbon dioxide is absorbed by the potash of 
electrolyte if the air can come in contact with the liquid. In case 
of protracted submergence, air can be circulated through the elec- 
trolyte by passing it through the drain tube and allowing it to 
emerge from the filler opening. While this is not a function of 
ihe battery, the benefit to clear the atmosphere of carbonic acid 
gas may prove of considerable value in case of enforced protracted i 
submergence. *' 

"Twenty-second, the plates cannot be injured by rubbing to- 
gether when the boat is in a seaway, and plate necks cannot be 
broken off. 

"Twenty-third, it cannot generate any explosive gases except 
when charging and ventilation is outbound. It cannot generate 
an explosive mixture of gases in the boat under practical operat- 
ing submerged condition, and is, for the reason that it does not 
generate any gases whatever on discharge, the safest battery to be 
used in submarines/' 

The Gould Storage Battery Company, through their chief en- 
gineer, A. S. Hjibbard, gives the following information relative to 
the Gould type batteries they have supplied to foreign govern- 
ments : 

"The foreign batteries consist of 120 cells, 25 plates per cell, 
pasted positives, pasted negatives; the plates are I514 inches wide, 
1/4 ^^^^ thick, 30 inches deep. The capacity is about 2,340 am- 
peres for one hour per cell, giving an output for the 120 cells of 
about 475 kilowatts for one hour. These cells weigh about 950 
pounds each, complete. The cells are individually ventilated by 
an exhaust blower, and the gases diluted so as to avoid the dan- 
ger of explosion. The diluted gases are discharged into the 
atmosphere when the boat is on the surface, and the batteries are 
being charged and are discharged into the living compartment 
when the boat is submerged and the batteries discharging. It 
should be understood, of course, that the gases given off both on 
charge and discharge consist oi oxygeiv a^Ti^ \v-^^^^^^Ti,' ^tl dia- 
charge mainly of the latter, and \ery \itt\e oi Vt ^\, ^^\., «sA \^a.- 
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ther hydrogen in small ijuanlities has uo physiological efCoct. The. 
ccIIh are sealed exeept at the air inlets and exits to keep dirt and 
salt water out. The design of the cell permits of an inclination 
of 40 degiTea without- spilling the solution." 

It is only fair to the lead-plate type of hattery to state that 
many of the- troubles ascrihed to their use could have been elimi- 
nated by careful attention to details of installation, and that there 
are numerous successful installations in United. States Govern- 
ment craft that we are not permitted to describe or illustrate. 
■, to show how important the 




-yacht- Lighting Outfit, With UnH Vovjm ■V\7s.v»t.'£'-«"-^'^^'^°'*-'''^ 
and 2S-CeU Bawer-y- 
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storage battery is when the submarine is lurking in the ocean 
depths where no other power but electricity could be used advan- 
tageously. 

Hiscellaneous Marine Applications. — Storage batteries are used 
in many ways on shipboard, and form an essential part of the 
electrical equipment on a great variety of craft. Owing to the 
ease of installation, electric-lighting outfits are now available that 
will function properly in everything from the 30-foot cabin cruiser 

EDISON STORAGE BATTERIES FOR YACHT-LIGHTING PLA2TO 
APPROXIMATE EQUIPMENT BASED ON 10-HOUR SERVICE 



Approximate Length of 


Voltage 

1 


Number 
of.Cells 


T3g>e^of 


Lamps 


Boat 


Number 


Candle 
Poirer 


18 ft. to 30 ft 


6 


5 


B2 
B4 
B6 


6 
12 

18 


6 
6' 




6 


30 ft. to 45 ft 


12 to 20 


10-20 


B4 
B6 
A4 


12 to 18 
18 to 24 
24 to 30 


10 
10 




10 


50 ft. to 75 ft 


30 


28 


B4 
B6 
A4 


26 
32 
40 


10 
10 




10 


90 ft. to 300 ft 


110 


* 
100 


P2 

to 
A12 

. 


30 
to 
200 


16 







Note : — Where 60- volt or 80- volt systems are required, 55 cells and 75 cells, 
respectively, are recommended. 



to the luxurious private yacht. While power-driven outfits are 
available in which a dynamo is driven by auxiliary steam or gaso- 
line engine distinct from the main power plant used in propelling 
the vessel, lights may be required at any time during the day or 
night, so there must be some constant source of current supply. 
For pleasure cvaii the continuous opex^Wow oi ?ccv ^^v^vssfe ^wji 
dynamo is inconvenient and oiten 9L\?^agtee?k\i\e, ^w^ 'A \& ^\s\qr^ 
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imperative to operate the electric lights from a storage battery 
charged at convenient intervals. A tj-pical yacht-lighting outfit is 
shown at Fig, 82; this does not differ to any extent from the small 
isolated lighting plants sold for house and farm lighting, A 88-eeIl 
Edison storage battery ia used in connection with the generating 
unit, which includes the gasoline engine and dynamo coupled to- 
gether and fastened to a common base. According to the table 



^ 




Fig. 83.— Electric Launch, With Storage Batteries Under the Floor. 



given below, which has been furnished by the Edison Storage Bat- 
tery Company, the outfit illustrated h suitable for boats varying 
from 50 to 75 feet in length. 

Wherever charging faeilitiea are available, the electric launch is 
an ideal family boat. They are noiseless and simple to control, 
and can be operated by anyone, even without mechanical esperi- 
ence. It glides gracefully and smoothly along and runs without 
vibration. There is absolutely no daugex ot ?iT;e, *& \% -s«<sfe««4. "■•i^i 
steam launches and to a less degree witti ga?,t>\mfe evi%«*.%. "i^ 
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electric motor is the simplest and most dependable source of power 
known, as it has but one moving part, and that is a rotating one. 
Jt is started reversed, stopped, and its speed varied by a simple 
Avheel or lever. The battery may be easily stowed away under the 
floor boards, and if an Edison alkaline battery is employed, as in 
the launch shown at Fig. 83, the boat may be used in salt water ij 
just as well as fresh. ' 

The alkaline battery gives absolute reliability to the electric 
launch by eliminating battery troubles. It is practically as rugged 
as the motor itself, and never disappoints the owner by going dead 
at critical periods. As there are no obnoxious, irritating or cor- 
rosive fumes given off by this type during charge, the charging 
may be done directly in the boathouse, without discomfort or the 
discoloration of metal trimmings on the launch or other vessels 
near it. During the period of idleness, which practically all pleas- 
ure craft of this kind experience, the Edison battery does not de- 
teriorate. If charged before being laid up there will be ample 
power to run the launch many miles as. soon as it is put into 
commission again. Those who have experienced the difficulties 
of "taking down," packing and reassembling other types of bat- 
teries will appreciate this advantage. 

Reliability is of paramount importance in every detail of wire- 
less telegraph apparatus. No doubtful or suspiciously weak device 
can be tolerated in a system upon which the lives of passengers 
and crew are likely to depend at any moment. And the auxiliaiy 
apparatus, the part that has to be ready at an instant's notice, 
but may be left to take care of itself for weeks and months in the 
absence of emergencies, must be always ready beyond the pos- 
sibility of a doubt. This reliability for auxiliary service is found 
only in the storage battery. During periods of idleness there 
should be no internal deterioration or wasting away of active ma- 
terial. Left charged, the alkaline battery may be recharged at 
any time without injury, no matter how much or how little of the 
previous charge has been used. In the severest storms or in case 
of collision there is no danger of broken jars or spilled electrolyte 
because of the sirengih of the steel eonslTueWoxi, T\ve lighting 
battery of small boats may, of couTse, \ie \3LS>e^ Vo o^et^V^ >[>afe n^Vx'^ 
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less equipment, and often the auxiliary wireless telegraph battery 
of larger vessels is used for a reserve lighting system, including 
"police" lights around the decks and cabins and emergency laiupa 
in the running-lights. Lead-plate storage batteries Jiave been used 
siicceaafully for wireless work, but more care is needed as regards 
charging and discharging. Where the lighting battery is used for 
a wireless auxiliary, the use of the lights keeps the battery in 
proper condition, and the lead-plate type will give excellent service. 
Under conditions where the battery is apt to be neglected as 
regards regular charging and disciiarging, the alkaline tj'pe is 
the best. 

Railway Switch and Si^al Service. — An absolutely dependable 
Bonrce of power is needed for Operating tlie block signals on our 
railways, and any failure of a semaphore or signal lamp to answer 
the control switch in the signal tower may result disastrously. 
The stored energy in a secondary hattery is always available for 
this work, and either lead plate or alkaline batteries are suitable. 
The illustration at Fig. 84 shows the compact installation f 




£ig. M. — Showing How Alkaline Battery May Be Installed in Signal 
Tower Adjacent to Control S-witc^^tB, e\.t. 
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when batteries of the alkaline type are used. Lead batteries may 
be placed under a hood and the gases allowed to escape to the 
outside through a suitable vent if they are installed in the same 
Toom as apparatus that may be affected by fumes evolved during 
the charging process. 

For railway signaling the alkaline battery has great advantages 
by reason of its electrolyte. There being no corrosive fumes or 
vapors produced, the batteries may be placed anywhere in the 
signal tower. There is no danger of injuring the most delicate 
apparatus, and many installations of such batteries are in the same 1 
room as and in close proximity to relays, generators, air-com- '■ 
pressing machinery, etc. I 

The Stand-by Battery. — The storage battery is used in many ! 
central stations as an emergency source of current to cope with ■ 
unusual current requirements or to supply electricity for a brief 
iime in event of damage to the dynamos or their prime mover. 
Among some of the conditions that would call for discharge of a 
fitand-by battery would be interruption of current supply, due, for 
instance, to low steam or belt breakage in a steam plant or col- 
lection of ice in the forebay of a hydraulic generating plant. A 
breakdown of the generating machinery, putting some of the dy- 
namos out of commission, thus reducing the plant capacity, would 
necessitate the use of the emergency current. An accidental open- 
ing of a transmission line or unexpected increase of load, such as 
is caused by everyone turning on the electric lights because of a sud- 
den darkening in the daytime prior to a rainstorm, will also draw 
on the reserve source. 

In the early applications of storage batteries to central station 
service one of the main objects sought was to improve the daily 
load factor in a steam plant by discharging the battery during 
the evening peak or period of heavy demand and recharging it dur- 
ing the hours of lighter load. This will result in a marked im- 
provement in plant efficiency because power costs less if produced 
at a uniform rate. Where the peak is of short duration, the cost 
of a battery will be less than the added steam equipment it dis- 
placeSy and as it conduces to greateT ^eoTioTcv^ ol oixvc^^^it ^Toduc- 
tjon^ this is a clear gain. AYYien a c\va.T^^^ ^Vq^^^^ X^^XXktj Sa. 
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available as an auxiliary source of energy, it is always ready for 
emergency use, and this advantage is one of great value and can 
hardly be considered fairly on a purely pecuniary basis. The chart 
at Fig. 85 shows the operation of a battery in daily peak-load work. 
That at Fig. 86 shows how the output of a stand-by battery helped 
to handle an unexpected lighting load on a central station due to 
a particularly heavy thunderstorm. These curves are merely 
graphic records of the amount of current used under certain con- 
ditions and in a given time, and are easily understood. 

A stand-by battery uses rugged plate constiniction and is al- 
ways composed of very large-size cells. Type H Exide plates, 
which are widely used in the larger installations, are 31 inches 
high by 15 5/16 inches wide. The grids are castings of lead- 
antimony alloy and are provided with very heavy connecting lugs. 
When it is considered that a plate of this size may be called upon 
to discharge 600 amperes or more for several minutes, it will be 
realized that great care must be taken in proportioning the plates. 
The plates are hung from the cell tops by the plate lugs, which 
rest on vertical pieces of heavy glass arranged on either side of 
the tank, suitably notched to receive the plate lugs. The glass 
plates rest upon the reinforced lead lining at the bottom of the 
cell. A space of % inch is left between the outside negative plate 
and side of the tank at one end to permit the taking of hydrome- 
ter readings. An instance of the large size of the cells is the 
sediment space allowed, which is 12 inches in a type H cell. 

A tank suitable for an Exide element having a capacity of 
3,000 amperes for one hour measures about 22% inches long by 
21^2 inches wide. For a capacity of 6,000 amperes at the hour 
rate the length is increased to three feet, and for 9,000 amperes 
the length is nearly five feet. The height of such a cell from the 
floor to the busbar is about 5^/2 feet, or high enough so the aver- 
age man can barely look into the cell. The tanks are built of 
specially selected yellow pine, put together with glued, dovetailed 
and doweled joints. No nails or metallic fastenings of any kind 
are used. The lumber used is of sufficient strength to be entirely 
self-supporting. These tanks are treated with two coats of acid- 
msting paint inside and out. 
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w 

^^B The tank linings are of pure sheet lead, the lap Beams being 

^^K burned with tlie hydrogen flame. Tlie upper edges of the lining 

^^M extend over the edges of tlie tank and down outside clear of the 

^^ft tank faces. Drip points are provided, so spaced that they come 

^H between the tank supports. Good insulation of the cells is an 

^H essential. The Exide insulator consistB of a glass body surrounded 

^H by an inverted [ii'ltirnat. this fnrminjr nn anmiliir trough partly 
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Fig. 87. — Battery-Room of Calumet River Draw-bridge o£ Calumet & 
WeBtern Indiana Railroad. 

filled with oil, tlie whole being covered witJi a lead cap extending 
down around the sides but out of contact therewith. Each oil 
insulator rests on a tmncated cone or pedestal of earthenware or 
a composition not affected by acid. Each cell is covered with a" 
plate of heavy glass, which serves to contlense the acid spray. All 
conductors are of specially heavy section lead-coated copper barB. 
* mJjr bolted together. The plates ot each eeW, ^waai 
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to form an element or plate group, are lead-burned to soft-Ieac^j 
busbars. 

The total number of cells required is determined by the 
mum busbar voltage permissible at the end of a high-discharge 
rate. For example, if a battery is installed of capacity enough to 
carry a maximum peak load for ten minutes a voltage of 100 each 
side of a three-wire system might be considered satisfactory. This 
would call for 75 cells each side. If at any time during the day 
it is necesaaiy to float the battery at a voltage as low as US volts, 
the main battery would consist of 5.5 ceils each side, leaving an 
auxiliary battery of 20 end-cells on each side. These end-cells 
are brought into action as needed by special switches. 

In arranging a battery-room for such a large battery, special 
attention is given the iloor construction, because drainage is im- 
portant. Ventilation must be exceptionally good, and -all exposed 
metal work should be protected by acid-proof paint. Concrete has 
been used for battery-room floors, and is satisfactory if care ia 
taken to flush it witb water frequently to wash away any electrolyte 
that may have accumulated. Hard-burned tile or vitrified brick 
is much more suitable. The floor should be laid on a concrete 
foundation, of sufticient strength to carry the weight. The slope 
should be such as to allow for positive drainage, and the floor cov- 
ered with as]ihaltuni felt. Spaces of "%. inch are left between the 
bricks or tiles, these spaces being grouted with asphalt compound. 
An exhaust ventilating system is almost an essential if the battery 
is used much. Tlie fan parts should be of bronze, and air from 
the room should be filtered through an air-box having perforated 
lead screen to eliminate acid spread. It is said that air in a bat- 
tery-room should be changed completely four times an hour during 
the gassing period of the charge. 

Storage Batteries for Draw-Bridge Operation,— An unfailing 
source of power is an absolute necessity where draw-bridges are 
operated by electric motors, as most of th^m are. This applies 
especially to railway bridges, where any failure of the power sup- 
ply would seriously interrupt travel on either the waterwe.'^ <&■! ^'W.V- 
waj. VeeseJs have been badly injured dua Vo ^sAxKe, \» isi^-s^ ■;>. 
draw. Bridges may be operated by acpaia\.ft -powfeT -^XmvV*, tw.'w-*-- 
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ing of dynamos driven by internal-combustion engines, or they 
may take their power from a trolley or lighting system. In either 
case, an auxiliary storage-battery installation insures absolutely 
reliable service, even in event of failure of the main source of 
current. This is of special value where a bridge is over a widely 
iised stream. The main principles of operation and the require- 
ments are practically the same as obtain when storage batteries 
.are used for stand-by service, A tj'pical installation, where the 
movable span o! the bascule pattern is 186 feet long and weighs 
1,100,100 pounds itself, in addition to a 3,000,000-pound concrete 
counterbalance, consists of two batteries, one to furnish power for 
the bridge motors, the other for signals and lighting. The larger 
hattery consists of 120 tj'pe Fll "Chloride Accumulator" elements 
ill lead-lined' wooden tanks. Each element has a normal capacity 
of 400 ampere-hours at 240 volts. The general arrangement of the 
tjinks in the hattery-room is shown at Fig. 87. The views at Fig. 
88 show the bridge in open and closed positions. 

Edison Storage-Battery Mine Lamp. — The greatest danger in 
mines to-day is from the use of unprotected flames wherever the 
deadly fire damp is likely to he encountered. Artificial light is 
an essential which formerly could not be obtained with safety 
unless provided in such minute quantity as to seriously curtail 
production. The Davy safety oil lamp is well known and has 
been widely used, hut electric lighting gives much superior re- 
Buits. Mneh ingenuity has been shown in trying to adapt portable 
electric lamps io this work, but the stumbling-block always has 
been the production of current for their operation. The only prac- 
tical source of energy is naturally some sort of battery, and many 
attempts have been made to modify the old types of cells so that 
they would serve the purpose satisfactorily. The advocates of the 
primary battery soon found that the inherent defects of this type 
were greatly magnified when an endeavor was made to produce a 
portable form of small size and weight with sufficient capacity to 
keep an electric lamp burning any considerable time. Aside from 
this, the electrical energy is produced in a primary battery by the 
consumption of the zinc plates, so t\iat fhcva ^a* tov^'iB.'^ %-s.-^-^^fe 
and trouble for their renewal. The -pTimftV^ tcW ■«&.% eaxVi -»\-ksv- 
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Dated from eerioua consideration, and experimenta made with 
- ondary or storage batteries have until lately been far from suc- 
ceBsful, The Edison mine lamp, showii at Fig, 89, is considered a 
practical solution of this problem, because of the "meddle-proof" 
qualities of the Edison alkaline battery. The cells used are thfi 
same in principle as the nickel-iron alkaline batteries developed 
for other purposes, but are small and very light. 

The cells fit snugly into a light case of rust-proof steel, whieh 
is primarily a box in which to carry the battery. There is no inra- 
latiou between the cell?, nnd the liii^o and the i-mitact springs on 
tlie cell i"iles hold tlie bniitry Kriirely wlun tlie '■u^..■v is iu plaet 




Fig. 89. — The Edison Storage Bauti? M.^'nt L.3.mp Outfit s 
How It is Used. 
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The cover has a separable hinge, which permits its entire removal 
when open and facilitates charging the batteries in ^*banks/^ Cov- 
ers and cases, equipped with self-contained locks, are interchange- 
able. The two cells are connected in series, the positive pole of 
one and the negative of the other being grounded to their con- 
tainers, and the containers connected together. The free terminals 
carry the spiral contact springs, which press against nickeled-steel 
contact plates in the cover. The contact plates are insulated from 
the cover and receive the cable terminals. A twin-conductor, rub- 
ber-covered cable connects the battery to the cap lamp. At each 
end the cable is thoroughly armored, preventing injury from sharp 
bending. While lamp and reflector are being carried in the hand 
or at other times the armor takes up all the weight, so there is no 
possibility of strain coming upon the wires at the terminals. An 
ingenious arrangement permits the easy replacement of the cable 
should it be cut or otherwise injured in service. The cap lamp 
consists of a nickel-plated brass reflector provided with a hook to 
fit into the regulation miner's cap. A tungsten lamp is forced 
into a spring socket by means of a clip at its tip in such a way 
that if the lamp be broken the base is immediately disconnected 
and the lamp extinguished. This safety feature has been thor- 
oughly tested by the Bureau of Mines and unqualifiedly approved 
under Schedule 6A. 



CHAPTER VI 



ioaSARY OF STOBAOE BATTBRT 



Acid. — Ab used in this book refer 
ptivL' t.mnjontiit of llie electrolyte. 
Acidometer.^A hjilrompter foe tea 
I Hpeciallj- graduated for that purpose. 

Active Material, — The acti^'e portio 
» of lead ou the poaitiveB and spongy i 
lead plate types. 

Altsmating Current. — Electric eurrt 



ing sper'iiie gravity of acid, mi 



. of the battery platea; peroirids 
etallic lead on the negatives ot 



t which d 



B not dow in one di 
rection only, like direct current, but rapidly reverges its direetion o) 
"alternates" in polarity bo that it will not charge a battery. 

Alloy. — A mixture of two or more metals produced bj- fuRion, i e. 

f, liraBB is an allay of copper and zinc melted together; German silver is a>> 

alloy of copper, nickel and ziue. 

Ampere. — The unit of measure of the rate of How of electric curwut. 

Ampere-Hour. — The unit of measure of the quantity of electric cut- 
rent; thus, 2 amperes flowing for ^^ hour equals 1 ampere-hour. 

Anode,— The opposite plate to the cathode as the carbon plate of i 
primary battery. The anode is the terminal the current paesee into from 
the solution. 

Antimony. — A bright, bluish -white, brittle and easy-pulverized metal 

I combined in small quantities witb lead to form a harder alloy suitaUt 
for storage -battery plale grids. 
Arc-Burning. — Making a joint by means of electric etirrent, wbifll 
meltB the metal of the parts to be joined together. 
AfipbaltnnL^A natural, tarry substance, not affected by acM, Vit 
also an electrical insulator, widely used aa a basis for cell-eealing eom- 
JoUnds. 
Battery, — Any number of complete cells assembled in one set. 
Battery Terminals. — Devices attached to the positive post of one enS 
eell aod the negative of the other, by means of which the battery ig con- 
nected to the outer circuit. 
Buckling. — Warping or bending of the battery plates. 
Burning-Strip. — A convenient form of lead, in strips, for filling up 
the joint in making burned connections. 
Busbar. — A main conductor, usually of heavy section, to which a 
number of circuit ends having the same characteristics are attached, to 
Hfli-e wiring. All positive plates of a Btoia^e cell may bo said to be at- 
tested to s biubBr, the negative pUtea YiJ^aViBB. \p»'wi»A at-'y^wtyj^ ' 
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Boparate conductor poming from each plate anJ joined to the outer cir 
cult the plates of a giMO jolaritv are grouped bv attaching to a bulbar 

Carlran — One ot the chemital elemeuts A black solid, th^t maj 
exist an (oal ihanoal or gra[bite or after t has tiefn BuLjettel to 
intense heat and pr«BSure as a white diamond A conduttor of alec 
tncitj having eonsiderable resistame It is uspd aa a neutral plate m 
pninarv batteries, for leal buru ng eleLtrodes and for rheo'<tat work It 
IB not affe tf d bj ai id Most of the carbon used in clettncal work is 
manufai-turcd and la not a natural product as graphite 

Carboy— A large glasa battle c rried m a wooden case £ot ea'j 
handling Untd to hoi I atid eWtrolvtc or water 

Cathode ^The terminal of an tlectru rir uit from which the current 
passes into the BotutiOB The zinc plate of a primarT batttrv la a 
tathode The athode is always the element of a battery most acted 
upon b^ tlip elettrolvtu 

Case — The lontajuing bos which holds the batterj cells 

Oell^The battery unit lonsiBting of an element complete with eles 
trolyte m its jar with cover 

Cell Connector — The metal link whuh conneete the positive post of 
one re 11 to tbo negative post of the adjoining celL 

Central Station — \ complete power plant equipped with large dy 
uanioa for supplying ilectnc energy to an entire district 

Oliarge — PaBsmg dirett current through a battery in the direction 
opposite to that ot discharge in order to put back the energy used on 
discharge 

Charge Rate — The proper rate of currtnt to uai m charging a bat 
tery from an outside source It is expreosed in amperes, and vanes for 
different sued cells 

Chemical Change — The uniting of certain primary or basic sub 
stances to form secondary ones or the breaking apart of complex sub 
stam-es to icttrmint their essential elements rhemical combination is 
when elements form a new substance For instance bvdrogen and o\y 
gen gases combined in the proper proportions will form the liquid we 
know as water Dec omposition is the reverse of combining elements 
Water mav be decomposed and hvdrogen an I oxvgeu gas liberated by 
electroljsia 

Oheinlcal Element — These are 1 asir substances of which everything 
in the universe is composed. They mav be solid such as iron zinc lead 
or carbon the'\ mav exist as a gas such as h> Irogen and oxvgeo or as 
a liquid such as bromine Some elements combine rapidly with nearly 
all the others and some cannot combine exiept with certain ones Oxy 
gen IS the most at tiv e element and will combine ■wvWi T)na.-Q.-^ nl 'Cws. t««(. 
There are aboat seventy-fiye of these elenveuVa, t\iWM?,V ^^*.irt;v;»Si.-j wjai^- 
tbing on earth may be made by various eDni\i\T\«.\,\oiv* oi \e»% 'ea'a--Q- ^.-«««*-~J 
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of them. The process of combining elements is known as ** synthesis," 
that of separating them as "analysis." The elements which combine 
together the easiest are the hardest' to separate. 

Circuits. — An electrical circuit is said to be an open circuit when the 
current cannot flow, and a closed circuit if there is a continuous path 
for the electricity. 

Circuit-Breaker. — An automatic, mechanical, electrically actuated de- 
vice that takes, the place of the fuse and performs the same function in 
an electric circuit. 

Compound Winding. — A method of winding electric machines where 
both series and shunt windings are incorporated. 

Conductor. — ^A pipe is a conductor of water. If two electrically 
charged bodies are connected by a piece of wood, glass, rubber, dry 
cloth, paper or similar materials, there will be no passage of electricity, 
but if a metal rod is substituted, a current will flow from the body of 
higher potential to the other. In this case the metal rod or wire is a 
conductor of electricity. All metals and substances such as acid, water ■ 
and the various liquids (except oils) conduct electricity so well as to be ' 
termed ' * conductors, ' ' though it is harder for the electrical current to 
flow through some kinds of metal than it is for it to pass through others. 
Copper, aluminum and silver are very good electrical conductors, steel or 
iron come next in order, while some alloys, such as German silver, offer 
considerable resistance to the flow of current. 

Contact Breaker. — A mechanical switch for closing and opening a 
circuit in rapid succession. 

Controller. — A manually or automatically operated device for alter- 
ing the current flow. Such a device may be interposed between a bat- 
tery of an electric automobile and the driving motor to vary the speed 
and power of the latter. 

Copper. — A reddish-brown metal widely used for electric wires and 
terminals because of its excellent conductivity. It is employed in many 
forms of primary battery as the plate of opposite polarity to the zine 
element. 

Corrosion. — The attack of metal parts by acid from the electrolyte; 
it is the result from lack of cleanliness. 

Counter E.M.F. — A potential difference or voltage in a circuit op* 
posed to the main voltage and resisting the flow of the latter. Whei 
charging a storage battery, the batteVy voltage is counter E.M.F. to 
that of the charging line. 

Cover. — The rubber cover which closes each individual cell; it is 
sometimes flanged for sealing compound to insure an effective seal. 

Current. — The passage of electricity through any piece of apparatnf 
28 termed a current. If the flowing of the electrical charge is con- 
tinuous it is called a direct curreiit. li \.\ift a\i«jt^'ft^ wee not contiiroons 
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but flow always in the same direction it is termed a ''pulsating'' cur- 
rent. If an electrical charge flowing in one direction is followed by 
another charge flowing in the opposite direction, an ''alternating" cur- 
rent is produced. 

Cutout. — An electro-magnetic mechanism that automatically per- 
forms the same function of opening a closed circuit that a hand-operated 
switch does. 

Discharge. — ^The flow of electric current from a battery through a 
circuit. The opposite of "charge." 

Distilled Water. — ^The condensed water vapor or steam obtained by 
cooling vapors given off from boiling water. This will remove the im- 
puritieSy such as salts, etc. These remain in the still as residue, only 
chemically pure water being vaporized. 

Dynamo. — ^An electrical machine capable of producing current and 
distributing this current as desired, providing the current is sufficiently 
strong to overcome the resistance to its motion of the parts comprising 
the external circuit. 

Electrolyte. — The fluid in a battery cell, consisting of specially pure 
sulphuric acid diluted with pure water in some cases and an alkaline 
solution in others. 

Element. — One positive group and one negative group with separa- 
tors, assembled together. 

Electric Contact. — The joining of two conductors so a current can 
pass from one to the other. 

Electrode. — ^The terminal of any open circuit. 

Electrolysis. — The separation of a chemical compound into its con- 
stituents, by the action of an electric current. It cannot take place 
unless this compound is a conductor of electricity. 

Electro-Magnet. — A bar of iron magnetized by passing a current of 
electricity through a coil of insulated wire wrapped around it. When 
the current is interrupted the iron bar or core piece ceases to possess 
magnetic qualities. 

Electrical Distribution. — The action of an electrical machine in regu- 
lating the distribution of electricity may be considered to be the same 
as that of a pump which takes water from one tank and supplies it to 
another at a higher level. If for these reservoirs we consider bodies 
insulated from each other, we can, with an electrical generator, take 
electricity from one that has been overcharged and supply it to another 
irhich is undercharged. 

Electricity. — A force that no one knows the exact nature of. To 
form some conception of this force, it is well to consider that we are 
able to place various bodies in different electrical relations. A stick of 
sealing wax or a hard rubber comb rubbed on a coat sleeve will attract 
bits of paper, feathers and other light objects. T\i^ ^^«\\Ti% ^^-^ «^ tsSS^- 
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ber is said to be charged with electricity which has been produced by 
friction against the coat sleeve. Electricity may be produced by me- 
chanical, chemical or thermal action. 

Electrical Charge. — Any body charged with electricity may be con- 
sidered one whose surface is supplied with either an overcharge or 
undercharge of electricity. The overcharged body always tends to dis- 
charge to the undercharged body in order to equalize a difference in 
pressure existing between them. 

Filling Plug. — The plug which fits in and closes the orifice of the 
filling tube in the cell cover. 

Flushing. — Beplacing electrolyte in lead-plate cells with acid instead 
of distilled water. 

Flooding. — Overflowing through the filling tube. With the usual vent 
this can occur only when a battery is charged with the filling plug out. 

Freshening Charge. — A charge given to a battery which has been 
standing idle, to insure that it is in a fully charged condition. 

Forming. — The process of making storage-battery plates from lead 
sheets by a series of charging juid discharging operations. 

Fuse Box or Fuse Block. — A non-conducting container for safety fuses, 
usually of porcelain, slate or marble. 

Fuse. — An electrical safety valve to prevent an overload or passage 
of excessive amounts of current through a circuit. These are made of 
f usable lead alloy wire, which melts or ** blows'' if too much current 
is passed through it, thus breaking the circuit in which it is placed. 

Gassing. — ^The bubbling of the electrolyte caused by the rising of gas 
set free toward the end of the charge. 

Generator System. — An equipment including a generator for auto- 
matically recharging the battery, in contradistinction to a straight 
storage system, where the battery has to be removed to be recharged or 
coupled to an external current source. 

Glass. — A fused mixture of silicate of various oxides, and a very 
good non-conductor of electricity if dry. Not affected chemically by 
most acids or alkali. May be made either opaque or transparent, de- 
pending upon coloring matter added. A very common, brittle substance, 
widely used for storage battery and primary coll jars, insulators and 
containing-vessels for all kinds of liquids. 

Gravity. — A contraction of the term ** specific gravity,'' which means 
the density compared to water as a standard. 

Grid. — The metal framework of a plate supporting the active mate- 
rial, and provided with a lug for conducting the current and for attach- 
ment to the strap. 

Group. — A set of plates, either positive or negative, joined to a strap. 
Groups do not include separators. 
HgO, — Chemicsil symbol for 'watex. 
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Hard Bnliliei. — A rubber rompound that has been hardened bj heat 
fTcatmeiit so it has greater stiSneSB than rubber in its natural form, and 
will keep its shape indeflnitely after formiug. This material is very 
brittle and not very strong. It ia an excellent inaulator of electricity, 
and as it Is not affected by sulphuric acid it is widely used for cell jars. 

Hold-Down Clips. — Brackets for the attachment of bolts for holding 
the battery securely in position on the car. 

Horse-Power. — The accepted unit of mechanical work. The ability 
to move 550 pounds one foot in one second or 33,000 pounds one foot in 
one minute. An electrical horse-power is 746 watts. 

H.P. — Abbreviation for horse-power. 

HydlOgBH. — One of the basic elements existing as a gas under natu- 
ral conditions. It ^ay be liquefied by the simultaneous application of 
great pressure and abstraction of heat. It is the lightest known sab- 
stanpe. The chemical symbol is H. 

Bydrogen Flame. — A very hot and clean flame of hydrogen gas 
eompressed air used for making burned connections. 

Hydrogen Generator. — An apparatus for generating hydrogen gas tafi 
lead -burning. 

Hydroinet«r. — An instrument for meaBuriug the specific gravity 
the electrolyte. 

Hydrometer Syringe. — A glass barrel enclosing an hydrometer and 
provided with a rubber bulb for drawing up electrolyte 

Induction.— The creation of a current in a conductor not connected 
to a source of electricity by the juxtaposition of one that is carrying the 
current. 

Induction-Magnetic , — The magnetization of any magnetic subatanoe, 
such as iron or steel, by placing it in a magnetic field bnt not in actual 
contact with t'ue energizing magnet. 

Insulating Ti^ge. — A textile fabric impregnated with insulating com- 
pound of an adhesive nature. Used to cover bare spots iu insulated 
wires, re-enforce insulation, and for protecting joints where wires are 
joined together. 

Insulating Vamlslt. — Shellac or sealing wax dissolved in alcohol, or 
gum copal dissolved in ether, may be used as a varnish for insulating 
purposes. 

Insnlator.^ — Materials such as wood, glass, rubber, etc., and air, con- 
duet electricity so badly as to be termed insulators. What would nor- 
mally be an insulator to a current of low potential may be ruptured by 
a current of higher potential or pressure which can break down the 

Iron Ozids. — Commonly known as "rort." W, i 
pockets, whifb are assembled into negative ^\8.^.e'i 
Battery, Esjiressed ohemieally as FeO. 
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Jar. — ^The hard rubber container holding the element and electrolyte. 

KOH. — Chemical symbol for caustic potash or potassium hydrate. 

Lead. — An abundant and widely used metal of bluish-white color, 
and one of the softest and heaviest of metals. It is not acted upon by 
sulphuric acid unless an electric current is passed through it. It fonns 
the main part of most storage-battery plates, either as a metallic lead 
or as a lead oxide. 

Lead-Burning. — ^Making a joint by melting together the metal of the 
parts to be joined. 

Lead Oxide. — Material on plates when a cell is discharged according 
to some theories of storage-battery action. This is expressed chemically 
as PbO, differing from peroxide only because there is less oxygen com- 
bined with the lead. 

Lead Peroxide. — ^The active material on positive plates of lead bat- 
teries after charging. Expressed chemically as PbOj. 

Lead Sulphate. — Material on storage-battery plates when cells are 
discharged, caused by absorption of sulphate from the electrolyte. Ex- 
pressed chemically as PbSO*. 

Lime, Slaked. — ^First quicklime is obtained by burning limestone, 
chalk or marble in kilns and afterward removing its caustic properties 
by watering it and allowing it to remain in the air for a time. This is I 
used in battery compartments of electric vehicles to neutralize spilled I 
acid, as it is of an alkaline nature. I 

Litliarge. — A yellow or reddish oxide of lead that is partially fused. ' ' 

Local Action. — ^Wasteful oxidization of zinc in a primary battery 
when it is not in use, or abnormal sulphation of storage-battery plates 
due to impurities in the electrolyte. 

Lug. — ^The extension from the top frame of each plate, connecting the 
plate to the strap or busbar. 

Magnetism. — This is a property possessed by certain substances, and 
is manifested by the ability to attract and repel other materials suscep- 
tible to its effects. When this phenomena is manifested by a conductor 
^ or wire through which a current of electricity is flowing, it is termed 
"electro-magnetism.'' Magnetism and electricity are closely related, 
each being capable of producing the other. 

Magnetic Substances. — Only certain substances show magnetic prop- 

erfi^s, these being iron, nickel, cobalt and their alloys. The earliest 

Icno^^vn substance possessing magnetic properties was a stone or iron ore 

Srst: found in Asia Minor. It was called the *Uodestone," or leading :; 

9tocm^ey because of its tendency, if arranged so it could move freely, of 

oiri^mtlng one particular portion toward the north. 

J^9£&gnetic Attraction. — ^If the noxtYi vo\e oi o^e tms.^^\. S& Xstwi^t 
mr the south pole of another, a stroixg a.Ui«Le\.Vo^ V\\\ «!«N.\«V«^^ 
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them, this depending upon the size of the magnets used and the air-gap 
separating the poles. Magnets will attract all magnetic substances. 

Magnetic Bepnlsion. — If the south pole of one magnet is brought close 
to the end of the same polarity of the other there will be a pronounced 
repulsion of the forces. The like poles of magnets will repel each other 
because of the obvious impossibility of uniting two influences or forces 
of practically equal strength but flowing in opposite directions. The 
unlike poles of magnets attract each other because the force is flowing 
in the same direction. 

Magnetic Flow. — The flow of magnetism is through the magnet from * 
south to north, and the circuit is completed by the flow of magnetic 
influence through the air-gap or metal armature bridging it from the 
north to the south pole. 

Maximum Gravity. — The highest specific gravity which the elec- 
trolyte will reach by continued charging, indicating that no acid remains 
"With the plates. 

Meters. — Most of the electrical measuring instruments depend upon 
the principle of electro-magnetism or induction. These measuring in- 
struments are made in portable and switchboard types. The windings 
in an instrument designed to measure current quantity or amperage 
are usually of coarse wires, while the windings of an instrument to meas- 
ure electro-motive force or voltage will be of finer wire. The gauge used 
to measure current quantity is called an ampere meter or ammeter, while 
that used to measure current pressure is a volt meter. 

Mica. — An insulator of natural mineral derivation that will stand 
considerable heat. Not suited for use with high-potential currents, be- 
cause it is apt to contain impurities of a metallic nature. Commonly 
known as "isinglass." 

Motor. — A machine that is capable of delivering current in one direc- 
tion when driven by mechanical power and which will produce me- 
chanical energy if electric current is passed through the winding in a 
reverse direction. 

Motor-Generatdir. — An electrical machine that may be used either as 
a current producer or for generating electricity if driven by mechanical 
means, or as a power producer if driven by electrical means. 

Negative Pole. — The terminal of a current-generator to which the 
current flows after leaving the outer circuit. 

Nickel. — A silver white malleable and ductile metal, that can be 
applied to others by thin surface coating through an electro-deposition 
or plating process. 

Nickel-Hydrate. — A green powder used as the active material in the 
positive plates of the Edison storage battery. 

Ohm. — The ohm is the unit by which Tesiatawc^ \?s ^xivV^^^. ^iN^^^- 
tAJngr httB electrical resistance. Some elemeiita \v«^\'e x^t^ V\V<X^, «^^^ ^"^ 



198 STORAGE BATTERIES SIMPLIFIED 

a short length of goo«i eondm-tor: others have so mxkth as to fonn aiUKt 
effectual barrier to the i«assage of the current, these briag trcimmif^ 
known as insulators. 

Ohms laaw. — The fundamental rules exj^ressing the relaTioB l«eTir«i 
voltage, amperage and resistance. It may l»e expressed thus: ilie cunwt 
strentrth «'• i* eoual to the voltage or electro-motive for^e ,E dividrd 
l»v the resistance R . or C = E -=- R. Naturally, the voltai^e is e>qnltt 
the current strength multiplied by the resistance, or E = O X K. Tfce 
resistance is equal to the voltage divided by the amperage, or B= 

OH of Vitri<d. — Commercial name for coneentrated sqalphun^ acid 
(].s:-y sf-ecifie gravity ■. This is never used in a battery, aisd vooU 
quickly ruin it. 

OxidizatioiL — The ehemieal eombination of oxrgen m-jth anv nih 
stance. Iron rust is ferrous oxide, and has l^een caused by oxidiatki. 

Oxygen. — One of the most active of the elements that natarally emt 
a.s a gas. though it may be liquefied. Owing to its jireat aiSsity for 
various substances, it is not found free or uneombined. Th* 
svmtol is O. 

Fb- — «?hemical symbol for lead. 

Paraffine Wax. — A white substanee produ^^ed by distillation «if erwde ^ 
petroleum, and one of the l*est insulators known. 

Pickling. — ^The process of cleaning metal by dipping in an »eid soh- 
tion. This solution is known as a "piekle. ** 

Plates. — Metallic grids sup(K>rting active materiaL They nie alter- 
nately positive .Irown' and negative igray'. 

Polarity. — A difference in electrical condition. The positive tvmiial 
of a cell or lottery, or the positive wire of a circuit, is said to have 
j'Oritive polarity: the negative, negative iH>lanty. 

Pest. — ^The portion of the strap extending through the cell cover, by 
meaLis of which connection is made to the adjoining cell or to the far ; 
circuiT- 

Positive Pole. — The terminal of a current -generator from which the 
eurre::t *s intended to flow to the outer circuit. 

Potassium Hydrate. — An alkaline substance combined with water to 
serve as the electrolvte in the Edison storage batterr. Conunonlv knova 
as caustic |«otash- Exj^ressed chemically as KOH. 

Potential or E.M.F. (Electro-MotiTe Force). — ^The givmter the differ- 
ence in the cuantities of the electrical charge the greater the tendeni'v 
Xk> reach the state of equilibriuiu. This difference in eleetricml coo«li- 
t:oi:s. or an:ou;iT of electrical charge, is termeii "difference of poten- 
tial.** a!::-: h:i:h or low j^nential, or •'electro-motive force,'* in any 
eJc^-trival system indicates a large or small difference of charge or dec- 
tr:csl condition at different parts. TVjAs \?> in»i.snxed in volts. 
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Rectifier. — Any device capable of changing alternating current to one 
having the properties of direct current. 

Resistance. — Material (usually lamps or wire) of low conductivity 
inserted in a circuit to retard the flow of current. By varying the 
resistance, the amount of current can be regulated. 

Resistance^ External. — The resistance of those parts of the circuit 
outside of the dynamo or battery producing the current. 

Resistance, Internal. — The resistance of the windings of a generator 
or that of the electrolyte and separators of a storage battery as distin- 
guished from that of the parts comprising the outer circuit. 

Resistance, Ohmic. — Resistance measured in ohms is a true resistance. 
Return, or Ground. — The conductor which is supposed to carry the 
current to its starting-point after it has passed through parts of the 
I outer circuit. In an automobile lighting, starting and ignition system 
i: the metallic chassis frame is often used as a *' ground return" to the 
I battery. In large power installations the earth is actually used as a 
' return conductor. 

I 

- Rheostat. — A device having coils of different resistance that can be 
i. brought into action progressively to control electric-current flow, as 
when charging batteries. 

Rubber Sheets. — Thin, perforated hard-rubber sheets used in com- 
i bination with the wood separators in some types of batteries. Thev are 
r placed between the grooved side of the wooden separators and the 
• positive plate. 

Sealing Compound. — The acid-proof compound used to seal the cover 
^ to the jar. 

t Sealing Nut. — The notched round nut which screws on the post and 
f- clamps the cell cover in place in Exide batteries. 

Sediment. — Active material which gradually falls from the plates and 
accumulates in the space below the plates provided for that purpose. 
f ■ Series Winding. — A method of winding electric machines where the 
^ armature winding is in series with the field winding. All current pro- 
duced in the armature coils must pass through the field coils as well 
before reaching the external circuit. 

Separators. — Sheets of grooved wood, specially treated, inserted be- 
tween the positive and negative plates to keep them out of contact. 

Shellac. — A resinous, vegetable substance, soluble in alcohol, and 
having good insulating qualities. 

Short Circuit. — A metallic connection between the positive and 
^ negative plates within a cell. The plates may be in actual contact or 
t material may lodge and bridge across. If the separators are in good 
J condition, a short circuit is unlikely to occur. 

^ Shunt Winding. — A method of winding eleetixo, nv^toiXvvTi^i^ Vtiftrt^i 'Cvva 

^ 
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armature coils are in parallel with the' field coils. Only a portion of the 
current produced in the armature passes through the field coil. 

Spacers. — Wood strips used in some types to separate the cells in 
the case and divided to provide a space for the tie bolts. 

Specific Gravity. — The density of the electrolyte compared to water 
as a standard. It indicates the strength and is measured by the 
hydrometer. 

Starvation. — ^The result of giving insufficient charge in relation to the 
amount of discharge, resulting in poor service and injury to the battery. 

Steel. — An alloy composed of iron and carbon in its simplest forms. 
It contains from .05 to 1.80 per cent, of carbon. It is a variety of iron 
that can be hardened and softened by heat treatment, as well as having 
all the properties of iron as regards malleability, etc. It forms an im- 
portant part of Edison Storage Battery elements and container. 

Strap. — The leaden casting or small busbar to which the plates of a 
group are joined. 

Sulphated. — The condition of plates having an abnormal amount of 
lead sulphate caused by ' ' starvation, ^ ' or by allowing battery to remain 
discharged for lengthy periods. 

Switch. — A switch interposed in an electrical conductor will, when 
opened, leave an air-gap in this conductor that offers so much resistance 
to the flow of current that the electricity cannot pass. Closing the 
switch so that the continuity of the conductor is re-established will 
enable the current to flow. 

Tie Bolts. — Bolts which, in some types, extend through the battery 
case between the cells and clamp the jars in position. 

Time Cutout. — Cutout devices which automatically break the charg- 
ing circuit of storage batteries when the current has passed through a 
sufficient time to insure proper charging. A time cutout is merely a 
switch operated by clock work. 

Transformer. — A form of induction coil to "step up" or increase 
voltage or to ' ' step down ' ' or decrease voltage. As a rule, when the 
potential is increased the amperage or current is reduced and vice versa. 
An ignition coil transforms a current of low voltage and strong an* 
pcrage to one of high potential and very low amperage. A transfonntf 
can also change high-voltage current to one of low potential and secnK ' 
an increase in amperage. 

Top Nut. — The hexagon nut which, in batteries with bolted connee- 
tions, screws on the post and holds the connectors and sealing nut i> 
place. 

Vaseline. — One of the residues left * after distilling off the lighttf 

constituents of crude petroleum oil. Used as a coating for brass of 

copper terminal screws on stoxage \i«L\,\-ftT\ft^ 1q i^revent corrosion ^ 
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formation of verdigris by the chemical action of the electrolyte on the 
metal. 

Vent. — Special fittings placed in the cover of sealed battery cells to 
allow passage of gas and prevent electrolyte from splashing out. 

Voltage. — Electrical potential or pressure, of which the volt is the 
unit. 

Watt. — ^A watt is a unit of quantity, or amount of electric energy, 
and corresponds to a current of one ampere at a pressure of one volt. 
Thus a watt is a volt-ampere-second, and 746 watts indicate an amount 
of electrical energy equal to one mechanical horse-power. A kilowatt 
is 1,000 watts. 

Zinc. — A silvery white metal having a crystalline fracture and 
somewhat similar to lead in many respects, though not nearly so heavy. 
This material is widely used in primary batteries as the active plate, but 
is seldom made into storage-battery plates. 
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CATALOGUE OF GOOD, PRACTICAL BOOKS 

AUTOMOBILES AND MOTORCYCLES 

•; MODERN GASOLINE AUTOMOBILE— ITS DESIGN, CONSTRUCTION, 
MAINTENANCE AND REPAIR. By Victor W. Pao6, M.E. 

The latest and most complete treatise on tho Gasoline Automobile ever Issued,. Written 
in simple language by a recogiiiKed nuthortty. familiar with every branch or the auto- 
mobile Industry. Free from tochnicai terms. Everything Is eipiained so simply 
that anyone of average intelligence may gain a comprohensivB knowlediie of the 
gasoline automobile. The ioformation is up-to-date and Includes, hi addition to an 
espoaition of prtnelplBS of construction and description of all types of automobiles and 
their components, valuable monoy-saving hints on the care and operation of motor- 
cars propelled 1^ iolemal combustion engines. Among some of the subjects treated 
might be mentioned: Torpedo and other symmetrical body forms designed to reduce 
air resistance; sleeve valve, rotary valve and other types of silent motors: increasing 
tendency to favor worm-gear power-transmission; universal application of magneto 
iKiiltioo; development of automobile electric-Ughting systems; block motors; under- 
slung chassis; application of practical self-starters; long stroke and offset cylinder 
motors: latest automatic lubrication systems; sUent chaJns for valve operation and 
change-speed gearing: tliB uso of front wheel brakes and many other detail reflnementa. 
By a careful study of the pages of this book one can gahi practical knowledge of auto- 
mobile construction that will save ttme. money and worry. The book teUs you Just 
what to do. how and when to do it. NotMng has been omitted, no detail has been 
iriEohrAH "Pumw nnm- n/ ti^ automobllc. its equipment, accessories, tools, supplies. 
, have been discussed compreheiiElvely. If you are or 
!t, or are In any way interested in the modem Gasoline 

It afford to be without. Over 850 6i9 pages— 

' made detail illustrations " ' " 



folding plates. I%ce 

WHAT IS SAID OF THIS BOOK: 
"Itis the best book on the Automobile seen up to dale." — J. H. Pile. Associate Editor 
Automobile Trade Journal. 

"Every Automobile Owner has use for a book of this character." — The Tradtiman. 
•"This book 1b superior to any treatise heretofore published on the subject." — The 
Intenlite Age. • 

" We know of no other volume that Is so complete In all its departments, and in which 
the wide Held of automobile construction with its mechanical intricacies Is so plainly 
handled, both in tbo text and in the matter of illustrations." — The Motorist. 
"Tho book L! very thorough, a careful eitamlnation faiUng to disclose any point in 
connection with the automobile, its care and repair, to have been overlooked." — 

"Mr. Pagfi has done a great work, and benefit to the Automobile Field." — W. C. 
Haaford. Mgr. Y. M. U. A. Automobile School, Boston. Mass. 

Dk a motorist needs if he wants to understand his car."^ 



rt and how ti 

car for four yea „ ^- ^ 

1. The Ford Car. Its Parts and Their Functions. 2. The Engine and Auxiliary 
Groups. How the Engine Works — The Fuel Supply System — The Carburetors- 
Making the Ignition Spark— Cooling and Lubrication. 3. Details of Chassis. 
Change Bpoed Gear— Power Transmission— Differential Gear Action— Steerli« Gear 
—Front Aile — Frame and Springs — Brakes, 4. How to Drive and Care for the Ford. 
The Control .System Explained — Starting tho Motor — Driving the Car- Locating 
Roadside TroubleB— Tire Repairs— Oiling the Chassis— Winter Care of Car. 5. Sys- 
tematic Location of Troubles and RemedlBs. Faults in Engine — Faults in Carburetor 
—Ignition Troubles^ — CooUng and Lubrication System Defects — Adlustmeni n( 
Transmission Gear — General Chaflsla RBpa,\tB. a& mMaWaftmia- *WR \»it™.. ^""^ 
•—re/bidiiw plates. Price -fc-s-S*! 
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AUTOMOBILE REPAIRING MADE EASY. By Victor W. Paq±, M.E. 

A comprehensive, practical exposition of every phase of modem automobile rg[)a!iin( 
practice. Outlines every process incidental to motor car restcn^tion. Gives plans far 
workshop construction, suggestions for equipment, power needed, machinery and took, 
necessary to carry on the business successfully. Tells how to overhaul and repair al 
parts of all automobiles. Everything is explained so simply that motorists and studenii 
can acquire a full working knowledge of automobile repairing. This work starts wfife 
the engine, then considers carburetion. ignition, cooling and lubrication systems, 
clutch, change speed gearing and transmission system are considered in detail. Con 
instructions for repairing all types of axles, steering gears and other chassis 
Many tables, short cuts in figuring and rules of practice are given for the met 
Explains fully valve and magneto timing, "tuning" ^igines, syst^natic location 
trouble, repair of ball and roller bearings, shop kinks, first aid to injured and a mi ' 
tude of subjects of interest to all in the garage and repair business. 

This book contains special instructions on electric starting, lightino and ignition syi 

tire repairing and rebuilding, autogenous welding, brazing and soldering, heat treatmenH 
steel, latest timing practice, eight and twelve-cylinder motors, etc, 5^x8. Cloth. 10" 
pages, 1,000 illustrations, 11 folding plates. Price ''$8.( 

WHAT IS SAID OF THIS BOOK: 

•* 'Automobile Repairing Made Easy' is the best book on the subject I have ever 
and the only book I ever saw that is of any value in a garage."— Fred Jeflfrey, Mi 
burg. Neb. 

"I wish to thank you for sending me a copy of 'Automobile Repafrtng Made Easy.* 
do not think it could be excelled." — S. W. Oisriel, Director of Instruction. Y. M. C. 
Philadelphia, Pa. 

QUESTIONS AND ANSWERS RELATING TO MODERN AUTOMOBILE C0»- 
STRUCTION, DRIVING AND REPAIR. By Victor W. Pag6, M.E. 

A practical self-instructor for students, mechanics and motorists, consisting of thir^ 
six lessons in the form of questions and answers, written with special reference to ui 
requirements of the noh-technical reader de^ng easily unaerstood, explanat^ 
matter relating to all branches of automobiling. The subjeclt-matter is absolutely 
correct and explained in simple language. If you can't answer all of the foUowini 
questions, you need this work. The answers to these and nearly 2000 more are t 
be found in its pages. Give the name of all important parts of an automobile an 
describe their functions? Describe action of latest types of korosene carburetonl 
What is the difference between a "double" ignition system and a "dual" ignitid 
system? Name parts of an induction coil? How are valves timed? What is t 
electric motor starter and how does it work? What are advantages of worm drifl 
gearing? Name all important typos of ball and roller bearings? What is a " tlire» 
quarter" floating axle? What is a two-speed axle? What is the Vulcan electric geH 
smft? Name the causes of lost power in automobiles? Describe all noises due M 
deranged mechanism and give causes? How can you adjust a carburetor by tb 
color of the exhaust gases? What causes ''popping in the carburetor? What tod 
and supplies are needed to equip a car? How do you drive various makes nf canl 
What is a differential lock and where is it used? Name different systemsF of wire 
wheel construction, etc. , etc. ? A popular work at a popular price. 6 H x 7 H . Cloth. 
650 pages, 350 illustrations, 3 folding plates. Price $1.50 

WHAT IS SAID OF THIS BOOK: 

"If you own a car — get this book." — The Glassworker. 

" Mr. Pag6 has the faculty of making difficult subjects plain and imderstandable."- 
Bristol Press. 

"We can name no writer better qualified to prepare a book of instruction on auto- 
mobiles than Mr. Victor W. Pag6." — Scientific American, 
"The best automobile catechism that has appeared." — Automobile Topics. 
" There are few men, even with long experience, who will not find this book useful 
Great pains have been taken to make it accurate. Special recommendation must be 
given to the illustrations, which have been made specially for the work. Such ex- 
cellent books as this greatly assist in fully understanding your automobile." — £n- 
gineering News, 
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Just Published — A Ncto Bunk on Automobile Elvctricily. 
ODERN STARTING, LIGHTING AND IGNITION SYSTEMS. By Victor 
W. pAce, M.B. 

This practical volume liai heenwrlii™ wir.linnPftalrpfnrpnraitothereQulrfraBntaof the 
non-wchnical reader desiring eauily undirstiiwi. einlanatory matter, relating to all 
types of automohLlp leiilLlon, atjirtlng hiuI llElitine s> siimi. It ran be undfratood by 
anyone, even wiihuiit electrical knowkilBe, bi'Causi> lOcmr'ntary elrRtricalprinoiplesaro 

These ti^c prinelples arc; clearly statixl and iliusl rated with simple diagrams. Ail Uie 
leading sualenis n( slnriine. llehUnii anil ignition kaoe been tJcaeriiwd ond Uluslraled ifilft 
Ou eo-OBeration of the m-pKrls employed by Oie mnnu/aclurcrs. Wiring diaHraoig are 

I ihown in both technical and non-tivlmlcal forms. All symbolB are fully expired. It 

I ba comprehensive review ofmudem starting and ignition system practice, and includes 
acomplete exposition of storage b.'ittery ennstractkn, care and repair. All types of 

I Htartlns mntora, generalnrs, magnetos, and all ignition or lighting system units are 
fully eiiplainod. The systems of cars already in use as well as those tnat are to come 
in 1910 are considered. Enery vfrsim in the automoliile bfiiiaess needs this solume. 

I SMK7H- Cloth. S30pages, 207 illustrations, 3 folding pbtes. Price . . 91.B0 

i>TORCYCLES, SIDE CARS AND CYCLECARS, THEIR CONSTRUCTION, 
MASAGEMEHT AND REPAIR. By Victor W. Pao£, M.E. 
The only complete work published for the motorcyclist and cyclecarist. Describes 



fully all leadir^ types of niaehlnes. their dralgu^ coiistraction. maintenance, onoratio 
types -■ ■ ■'-■-- ...-._... -... 



and repair. 



variable speed gears and power trans- 
is for operating and repairing all types, 
ling systema. all types oT spring frames 



CoDsiders fully electric self-starting and lighting sj ..^ „ „ 

and springs forks and shows leading control methods. For those deslttng technical 
InformaUon a complete series of tables and many furmiUte to as^t In designing ar- 

iDduded. The work tells how M figure power needed to climb grades, c 

■ " ------ -■'-aln high speedH. ""■ ~^ x--— -- — ■-— . _-^_ — -.f — 



and powprs, how tn flprwre hraldng efBcioncy required, gives sin 
-_ . ■. _ - r .- - ii siiowshow to design sprockets, be 



jsign s] 
g torsi 



itx 



iiiulEe for figuring horse-power, shows bow dyna- 
ve elHclency of air^ auii water-cooled engines, plain 
luui ajn,i-ii 11-1.11111 i.™[ii[;;~ ,!iiM iii.iii.v other data of a practical, helpful, engineering 
nature^ RemcmbiT iliai >iiii rrl this iiirormatlon <n addition to the practical de- 
Kffipdon and iiisu'uctious wkiieb alone are worth several times the price of the book, 
SSOpnges. 35U specially made illustrations. 5 folding plates. Cloth, Price . SLbO 

WHAT 13 3.4ID OP THIS BOOK: 
" Here Is a book that should be hi the cycle repairer's kit." — American Blacksmith. 
" The best way for any rider to thoroughly understand his machine, is to get a copy 
Of this book; it Is worth many times its price,"— Pnciflc MororcycUst. 

AUTOMOBILE AND MOTORCYCLE CHARTS 

LT. GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOW- 
ING SECTIONAL VIEW OF GASOLINE EKGIHE. Compiled by Victor 
W.Pag*, M.E. 

It shows clearly all parts of a typical four-eyUuder gasoline engine of the fouiM^ycle 
typo. It outlines dlstluctly all parts liable to give trouble and also det^ls the de- 
rangements apt to Interfere with smooth engine operation. 

Valuable to students, motorists, mechanics, repairmen, garagemon, automobile sales- 
mai, chauffeunr, motorboat owners, moUir-truck and tractor riiHu*»rq nvinrjuM m/it-jii-- 
CycHsts. and bH others who have to do with gasollnf. power 



who have to do with gasollnf. power plai-- 

' all euglne troubles, and while It will prove invaluable h 

-•■•' - — '-■'• ' Itsfiou'- ■ 



;o advantage by the more espert. It should be on the walls o( 

erar public and private garage, aiil^mobilo repair shop, clubhouse or school. It can 
be carried in the automobile or pocket with ease, and will Insure against loss of time 
whcD engine trouble manifests itself. 
"~ ' MoBSl view of ei'Kino is a complete review of all motor troubles. It la prepared 

_ _— _^. — . — i„i e 1, jjjiii motor. More Information tOr the money than ever 

mitted. Size 35x38 Inches. Secur^ mailed on receipt 



by a (nacticsJ motorist for 



Z 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



CHAHT. LOCATION OF FORD ENGINE TROUBLES HADE EAST. C<»d 
piled by ViOTOtt W. Pace, M.E. 
This sbown clear sectional \ie«s depicting all porl ions ot the Ford poser plant u 



lUilliBry KTOups. It tuiiUneB eleaSy all parts of the en^nr. flrel supplj- systen 

*■'*" group and coc""" """'""" n^-- *—*--•-" -j—- — .,»,i~ j.,_rij n j_^_^ 

m Uabte (o — . ^ — . „ ^ 

t w valuable to students, awners. and driiraa. ae it nmi^ifieH locatJoo of al 



lioD group and cooUne system, that are apt to givo trouble, del 
••—• — e Uabte to make ' — • ■• — ' 



work iireeQlarif. 



lanltB. or great adrantaKe as an ioscmcUir for the novice. It can be usnl equ 

by the moro expert as a Korii: of ntference and revitMr. It can be carried In the I 
box or pocket with eane and will save its cost In labor eUminated tAe first time eni 

trouble manifeets Itself. Pr^iared with special rrfasice 1~ "" ' — 

and is a prsctical review of sU motor troubtea becaus" " 
perfenee of an automobile engineer-mechanic with the 
It enables the non-technkal owner or operar — -* - 
■ledVe 



by systematic search, guided „.. .. ^,.„ ^ , , , ,,-.. - 

KuuBHUTK. It makes the avtssge owner IndepeiKlent ot the rnrnWtln miair ■ 
when touring. Must be seen to be apprcciat«L Size 25i3S Indies. Printed 
heaTy bond paper. Price S6 la 

CHART. LUBRICATION OF THE MOTOR CAR CHASSIS. Compiled 
Victor W. P.*Gfi, M.E. 



This chart presents the plan view of a typlral sli-cylinriiT chassis of standard d(^ 
and all parte are clearly indicated that demand oil. also the rr«|iiency with which [hr-^ 
miiat be iubricalod and the kind of oil to use. A pracKcal chart for all Interwted 



Sizo24i3S Inched. Price 



CHART. LOCATION OF CARBORETION TROUBLES MADE EAST. C 
piled by Victor W. Pag^, M.E. 

Tbls chart shows all parts of a typical pressure feed fuel supply systsm and ■ 
causes of trouble, how to locale defects and means of remedyiiig them. Site » 



Price . 



CHART. LOCATION OF IGNITION SYSTEM TROUBLES MADS EASI 
CompUed by Victtob W. Page, M.E. 

In this diagram all parts of a ty^caJ double ignition system using tnttny and magn 
current are shown, and sngnestions are given for readily finding ignilioii croubleei 
eliminating them when found. Soe 24i^S inches. Price ..... 86 ca 

CHART. LOCATION OF COOLING AND LUBRICATION SYSTEM PADLIi 
Compiled by Vicroa W. Pace, M.E. 

This composite diagram shows a lyplcal automobile iiower plant using pump< 
wai-er-cooling system and the most popular li"i^"-= "■!"■■ m<.rhr»H r2i*n« n 



>r cuoUng group. Size 24i3S Inchi 



■heating andjiwi ot gfiwer t; 



^^K- dm 

^^B rim 

^^B der 

^^m ofi 



dmpliSes location of all powawtlant troublee. 
rimplldty. It outlines distinctly aU parts liable 

M^-^^^^ *-. ..»> .„ t^t^.^r^m^ with smcx»th raigii. , ,— 

with the operation, repair or sale of 



deranAJments apt to interfere with smcxtth ^gine operation. This chart win ji 



details omitted. Size 30i20 I 

BRAZING AND SOLDERING 

G AND SOLDERING. By James F. Hobakt. 

The only Ixxik tJiat shows you just how to handle any job of brazing i 
comes along: it tells you what mixture to use. bow lo make a fumoce 

Full of valoaMe kinks. The Bfth edition of this book has ju^ " 

/( mncb new matter and a large number of toated tOrmuls) Id 
eu^e have been added. Dliutiikbed 




CATALOGUE OF GOOD, PRACTICAL BOOKS 

CHARTS 

GASOLINE ENGINE TROUBLES MADE EASY— A CHART SHOWING SEC- 
TIONAL VIEW OF GASOLINE EHGIHE. Compiled by Victor W. PAQi. 
It shows clearly all parts of a typical foiir-cyllnder easoline engine or the four-cyelfe 
'—- It outlmea duitmctly all portts liable to give trouble ivna iilso detalle the d^- 

__. ,_ ....__„.__ ^i^ij smooth eugino operation 

riats, mochaoies, repairmen ~ 

chauffeurs, i ' " 



Valuable to students, motorists, mocbaoica, repairmen, eanvRemen, automobile si 



cyclists, and all otbHrs nbo havu to do with gasoline potrer pi 
'~ ~]mpliQes location of all ei^glne troubles, and while it will i 






novice, it can be used to advantage by the more expert. It should be on the walls at 
every public and private garaBe. automobile repair shop, club house or school. It caa 
be carried lu the automobile or pocket with ease and will Insure aghast loss of Qma 
wbea engine trouble manlTests Itself. 
This acctioual view of enfclne is a complete review of all motor troublea. It is jiro- 

Kred by a practical motorist for all who motor. No details omitted. Size 25i3S 
dies. 85 cents 

UBRICATION OF THE MOTOR CAR CHASSIS. 

This chart presents the plan view of a typical six-cylinder chasaia of standard design 
and all parts are clearly Indicated that demand oil. aleo the frequency with which they 
must be lubricated and the kind of oil to use. A practical cluLrt for aU intorosted In 
motor-car maintenance. Size 24x3S inches. Price 36 ecu U 

OCATION OF CARBDRETION TROUBLES MADE EASY. 

This chart shows all parts of a typical pressure feed fuel HUpply system and gives 
causes of trouble, how to locate defecta and means of remedj-lng them. Size 24x38 
inches. Price 2b reata 

OCATION OF IGNITION SYSTEM TROUBLES MADE EASY. 

In this chart all parts of a typical double ii^tion system using battery and magneto 
current are shown and suggestionB are given for rcadUy finding ignition troubke and J 
ellminatlngthem when found. Si^e 24x38 inches. Price 2C cento I 

OCATION OF COOLING AND LUBRICATION SYSTEM FAULTS. 

This composite chart shows a typical antomobllo power plant using pump circulated 
wator-cooline system and the moat popular Jubricatinu method. Gives sugeeatlonB 
for curing all overheating and loss of power faults due to faulty action of the oiling or | 

cooling group. Size 24x33 Inches. Price &6 centi , 

lOTORCYCLE TROUBLES MADE EASY— A CHART SHOWING SECTIONAL 

VIEW OF SINGLE -CYLINDER GASOLINE ENGINE. CompUed by ' 
Victor W. pAot. i 

This chart simpUfles location of all power-plant troubles, and will prove invaluable to I 

all who have to do with the operation, repair or sale of motorcyclea. No detail! ' 
omit(«d. BizB 25x38 inches. Price, 26 centB 

lOCATION OF FORD ENGINE TROUBLES MADE EASY. Compiled by • 
Victor W. PAofi, M.E. I 

This shown clear sectional views depleting all portions of the Ford power plant and | 
auxiliary groups. 11 outUnea clearly all parts of the ongine. fuel supply syslam. 
Ignition group and cooling system, that are apt lo give trouble, detailing all derame- i 

miHits that are liable to maJie on engine lose power, start bard or work Irrefcularty. 'niis 
chart Is valuable to students, owners, and drivetB, as It simpliflea locaCIon of all engine 
faults. Of great advantage as an instructor for the novice, it can be used equaUy well 
by the more expert as a work of mference and review. It can be carried in the tool- 
box or pocket with ease and will save Its cost In labor eliminau^ the first time engine 
trouble nianifoats llsi'lf. I'repared with speclnl reference to the averasp man's needs 
and is a practical nviiiw nf all motor Iniuhliis because it is base<i on the actual ex- 
perience of an BiiUHiiciliili' I'lifiowr-mn^bariic with I he mechanism the chart describes. 
It enables the non-fiyhiiifal mviier m- opcral^^ir of a Ford car to locat<> engine de- 
rangemenM by systematic scaroh. culded by easily ri>eoKni?erl symptoms Inslwid of by , 

■nmmworli. It makes the aviTBHe owner iniicpondent of Che usaAw,*?. x™»iK ■fioss* 

touring. Must be seen to be appreciated. Si2«i&iC«ftVnt>«a. ^^^'^^^^Jv'^Sl^ 



■: 



paper. 
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MODERN SUBMARHJE CHART — WITH 300 PARTS NUMBERED AHD 
NAMED. 



t type. Ydu Bet more information from this char) about .._ 
opsrattoQ of a Submartne. thaii In any other way. No details nr 



sbowlriR clp^ly and djstlnctly all the interior of a Submailna it 

evices ntCed In 

■6 readily ondei-s 

_ en In ihoact of i 

SniHl lo them In stTVlce conditions. Thla CHABT IS REUjLl 
lA OF A SUBMARINE 

BOX CAR CHART. 

A ehart showing the anatomy of a, box'ear. having every part ot the car numbered and 
Iw propi:r name given i" "-' "' — *- 

GONDOLA CAR CHART. 

A chart showinft the anatomy of a Kondoln car. having every part of the cajr nmnbasd 
and its proper reference name given hi a rcferenee list. — -"'- 

PASSENGER-CAR CHART. 



i 




STEEL HOPPER BOTTOM COAL CAR. 

A chart showini; the unatomy of a steel Hopper Bottom Coal Oar, having every part 
of the car numbered and its proper namo given in a reference list. ■"' — •- 

TRACTIVE POWER CHART. 

A chart whereby you can find tho tractive p „. ^ — ^ 

without making a Hgure. ahows what cylinders are equal, how driving . . 

steam prossUTD aScct the power. What slued engine you need to exert a given drawbar 
pull or anything you desire In (bis line 60 

HORSE-POWER CHART 

Khows the horse-power of any stationary engine wltJiout calculation. No matte 
the cylinder diameter of stroke. Uie steam pressure of cut-off, the revolutit 

whether condensing or non-condensing. It's all there. Easy to iiae. ac 

saves lime and calculations. Especially useful to engineers and designers. 

BOILER ROOM CHART. By Geo. L. Fowmir. 

14x28 Inches — showing In isometric perspective the mec 

. ..lodem boiler room. The various partA are shown broken or meorei. 

_. .__. . internal construction is fully illustrated. Each part is given a rale™*^ 

number, and these, with the corrospondlng name, are given In a glossarr printed 

the Hides. This chart is really a dictionary of the boiler room — the uaraee ofmoTB t*" 

parts being given SB o 

COMPRESSED AIR 

;SSED AIR IN ALL ITS APPLICATIONS. By Gardner D. HisooX. 

I is the most complete book on tho subject of Air that has ever been issued, and M 

thirty-five cbapti>rK include about every phase of the subject one can think of. It naf 

> ii.j jijj pneyclopedla of compressed air. It is written by an expert, who. In la 

. . . .^ i. has dealt with the subject hi a compcehenslvonuinnpr, no phase of It bem 
omitted- Includes the physical propcri.le^ of air from a vacuum ioit-s highest prefisun 
its thormodynainJes, compressluu. transmlKsion and itsis iw a motive powra, in to 
Operation of Statioiiary and Portable Mat-hincry, in Mhiing. Air Tools. Air UfM 
Pumphig of Water. ."Velds, and Oils: the Air Blast for flt-aiiinn and Panting, tlM 
Sand Blast and its Work, and the NnraernuB Appliance's in which Compressed Air I 
a Most Convenient and Economical TranEmil-ter of Pow.t for Mechanical Wi ^^ 
Kailway Propulsion, liefrlU'Tation, and the Various Usis to which Oompreasod 
has heca appUed. Includes forty-fotu' tables of the physical propertiea of air, 
cooipnisaon. eJipanaion, and volumes required for various kinds of work, and a 

-'— — • compresaed air from 1875 to daw. Over ="-•"——- — =-■- »-»^ 

' -" Clothbound, 96.00. aallM^ot 
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CONCRETE 

JUST PUBLISHED— CONCRETE WORKERS' REFERENCE BOOKS. A 
SERIES OF POPULAR HANDBOOKS FOR CONCRETE nSERS. 



Prepared by A. A. Hour,' 

but exptalm niid illuslmies mtilds and svslena'tliat are nol parenied.'&il 



this Series, hoanotonlu Irealedon the untal lypei at amslrucUon, 

'-" Id syslena that are nol palenled. out vmiJt are «<;udI 

istriOed by patents. These molds are tery easiiti and 



1 of these Tvietce books is full]/ illustrated, and 
'lain r— ■'-'■ 



eheaplu constructed and emiiodu simpticily, rapidity of opeTtttion. and the most aicciasful 
results in the molded concrete. Each of these Tviel— •—•■- -'- '■■"■■ '"—■—— -— -■■- 
subjects are eihauitirely treated in plain EnsHsh. 

CONCRETE WALL FORMS. By A. A. Houghton. 

A new auMmatic wall cIrtup ia Illustrated wICh warklDg drawlnKa. Other types o( 

wall forma, clamps, sepaj^tors, etc.. are also IllustraCed and explained- 

(No. 1 of Series) 60 cent* 

CONCRETE FLOORS AND SIDEWALKS. By A. A. Hoitghton. 

The molds for moliIlnE square)!, heiagotial and many otber styles of mosaic floor and < 
^dewslk blocks are rullyuluatraitod and csplalDud. (No. ^ of Series) . . 60 ccnta - 

PRACTICAL CONCRETE SILO CONSTRUCTION. By A. A. Houghton. 

Complete worklnK drawlnns and sped flea tlons are given for several styles of conoreto ' 
-'•-1. with illustratiooa of raoidfi for monollUiio and block silos. The tables, data, and 

'-iti presented lu thia book are of Che utmost value in planning and con stmctliiK 

BUiorms of concrete silos. (No. 3 of Series) 60 ceali . 

MOLDING CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By A. A. 

HOL'GHTON. 

The manufacture of all typos of concrete elate and roof tile is fully treated. Valuable 
data on all forms of reinforced concrete roofa are contained within Its pagos. Tha , 
icreto chininoys by block and monolithic systems is fully illustrated ' 
jiuinhcr of ornamental designs of chimney construction with molds 
are snown in unis vEiiluable treatise. [No. 4 of Series.) 60 cents , 

MOLDING AND CURING ORNAMENTAL CONCRETE. By A. A. Hodobton. , 

The proper proportions of cement and aggregates for various flnisbea, also the method I 
of thoroughly mixing and pladng in the molds, are fully treated. An exhaustive ' 
treatise on this subject that every concrete worker will find of daily use and value. ' 
(No. 5 of Series.) 60 centi ' 

CONCRETE MONUMENTS, MAUSOLEUMS AND BURIAL VAULTS. By A. A. 

Houghton. 

The molding ot concrete monuments to imitate the roost expensive cut stone fs ex- 
plained in this treatise, with working drawings of easily built molds. Cutting In- 
HCri[itlons and dcBlgna arc also fully treated. (No. 6 of Series.) ... 60 centi 

MOLDING CONCRETE BATHTUBS, AQUARIUMS AND NATATORIUMS. 
By A. A, HouaHTON. 

simple molds and Instruction are given (or molding many styles of concrete bathtubs, 
Eivimming-pools, etc. These molds arc easily built and permit rapid and succesafiil 
work, (No, 7 of Series.) 60 cent! 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A, Houghton. 

A number of ornamental concrete bridges with illustrationa of molds are given, A 
collapsible center or core for bridges, eulverta and sewers Is fully Illustrated with de- 
tailed Instructions for building. (No, S of Series,) 60 centi 

CONSTRUCTING CONCRETE PORCHES. By A. A. Houghton. 

A number of designs with working drawings of molds are fully explained so any ona 
can easily construct dllToront styles of omamctvlai lawuMWe ^atiiowi ■kS.'Civms. j^s- ^'™r, 
cbasBoftarpenslve molds. (No. 9 ol 3erua.l . ti^ >ai.»sj 

9 



CATALOGUE OF GOOD, PRACTICAL BOOKS 



MOLDING CONCRETE FLOWER-POTS, BOXES, JARDINIERES, ETC. By 
A. A. Houghton. 

The molds for producing many original designs of flower-pots, urns, flower-boxes, 
jardinieres, etc., are fully illustrated and explained, so the wonc^ can easily construct 
and operate same. (No. 10 of Series.) 60 cents 

MOLDING CONCRETE FOUNTAINS AND LAWN ORNAMENTS. By A. A. 

Houghton. ! 

The molding of a number of designs of lawn seats, curbing, hitching posts, pergolas, sun 
dials and other forms of ornamental concrete for the ornamentation of lawns and gar- 
dens, is fully illustrated and described. (No. 11 of Series) 60 cents 

CONCRETE FROM SAND MOLDS. By A. A. Houghton. 

A Practical Work treating on a process which has heretofore been held as a trade secret 
by the few who possessed it, and which will successfully mold every and any class of 
ornamental concrete work. The process of molding concrete with sand molds is of 
the utmost practical >'alue, possessmg the manifold advantages of a low cost of molds, 
the ease and rapidity of operation, perfect details to all omam^ital designs, density { 
and increased strength of the concrete, perfect curing of the work without attention 
and the easy removal of the molds regardless of any undercutting the design may have. 
192 pages. Fully illustrated. Price $2.00 

ORNAMENTAL CONCRETE WITHOUT MOLDS. By A. A. Houghton. 

The process for making ornamental concrete without molds has long been hdd as a 
secret, and now. for the first time, this process is given to the public. The book 
reveals the secret and is the only book published which explains a dmple. practical 
method whereby the concrete worker is enabled, by employing wood and metal tern* 
plates of different designs, to mold or model in concrete any CkNnoJce. Archivolt. 
Column. Pedestal. Base Cap. Urn or Pier in a monolithic fmnm— right upon ttie job. 
These may be molded in units or blocks, and then built up to suit the spedflcations 
demanded. This work is fuUy illustrated, with detaUed engravings. FtUse . $2.00 

CONCRETE FOR THE FARM AND IN THE SHOP. By H. Colin I 

Campbell, C.E., E.M. 

"Concrete for the Farm and in the Shop" is a new bo(^ firom cover to cover, iDuBtrat- 1 
ing and describing in plain, simple language many of the numerous applications of 1 
concrete within the range of the home worktT. Among the subjects treated are: 




Principles of reinforcing: methods of protecting concrete so as to insure iMncq[)er harden- 
ing: home-made mixers: mixing by hand and machine: foim oonstmctian, described 
and illustrated by drawings and photographs: construction of emcreCe walls and 
fences: concrete fence posts: concrete gate posts: comer posts: dothes Une posts: 
grape arbor post^: tanks: troughs: cisterns: hog wallows: feeding floors and oam- 
yard pavements: foundations: well curbs and platforms: indoor floors: sadewaiks; i 
concrete hotbeds and cold frames: concrete slab roofs: walls for buikUngs; n 
leaks in tanks and cisterns: and all topics associated with these subjects %s 
upon securing the best results from ccmovte are dwelt upon at sufiBdent leogth in plain 
every-day English so that the inexperienced person desiring to undertake a piece of 
concrete construction can. by following the directions set forth in this book, secure 100 
per cent success every time. A nimiber of convenient and practical tables fbrestimatiDf; 
quantities, and some practical examples, are also given. ^5 x 7.) 149 pases, 51 il- 
lustrations. Price $0.76 

POPULAR HANDBOOK FOR CEMENT AND CONCRETE USERS. By Mtbon 

H. Lewis. 

This is a ccwicise treatise of the principles and methods emplojred in the nyunifiiurtiire 
and use of cement in all ckksses of modem wcnrks. The author has brooi^ together 
in this work all the salient matter of interest to the u5«t of oxicr^e and its many 
diversified products. The matter is presente^l in lorical and systematic order, deariy 
written, fully illustrated and free from involvtxi mathematics- Everything of valofi to 
the conorete user is given, includiag kinl=: of cement employed in construcuoo. concrete 
architecture, inspection and nesting. wa:erprvx»:iai;. coloring and painting, rules, tafatos, 
working and cost data. The book coniortses thirty-three chapters, as fbHows: 
Intrxxl'actory. Kinds of Cements and How They are Made. Properties. Testing 
juad ReQuii^ments of Hydraulic Cement. Concrete and its Properties. Sand, Bnriceo 
St4u»e aad Gr^v^ for Cancreie. How \o Poopomiion. \bie Waiieciaks. How to Mis 
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aod Place Concr.-t«. Forms at Conpn-to Conslrut-Cioii. The ArebltoJluril and ArtlBtlC 
PoesIblUties of Concrets. OoncreW HealdPiice?, Morkira, PlasMtrs and Stucco, and 
Bon to Use Ui(>in. The Artlstte Troatmont of Concrutc Surfaces. Ooncrebe BiilldiDg 
Blocks. Tbe MiUcIdr ot Oraamenta] Concrete. ConcreliQ Piprs, Pcacos, Poats, etc 
Essential Featuras and AdvancaHsa of Roeuforiced Concrete. How to DbbIsq Reea- 
farc«d Concrete Beams, Stabs and Oolumns. Eiplonatluns ot the MetliodB and 
PiinciiJluj In Disi^mln); Rcenforcod Concroto Beams and Slaba. SyaCems of Reen- 
fnivpmpnt EiiiiiLoyed. Rponforcfid Concrete in Factory and General Building Con- 

Concrete in Foundation Work. Concrete RetaluinB Walls. Abutments 

. .1 Bulkbeada. Concrelfl Arthes and Andi Bridaea. Concrete Beam and Girder 
Bridges. Concrete in Soworago and Drainage WoiIcb. Concrete Tanks, Dams and 
Keservolrs. Concrewi Sidewalks. Curbs and Pavementa. ConcTHto la Sallniad Cod- 
gcractlona. The Utility of Concrete an the Farm. The WaterprooSiiK of Concreta 
Structure. Grout ofUquld Concrete and Its Uee. Inspection of Concrete Woric. Cost 

of Concrete Wotk, Somn nf the iiiHV-lnl fnatrirpii nf thpi \vmli nm'. t. The Attj^nt.lnn 

Pakl to tbe Artistic and A 

" - - . ' " 1 of WatemrooQnic Concrete. 3. An Eircel, — ... ..^ «.. 

B Cost Data and 



WHAT 19 SAID OP THIS 1 



Tbe Held of Concrete OonBtruction In well corored and the matter contained la well 

.... - Ent/lneerinif-ContTaclinii. 

itractor, engiueer. and architect Id the 






land . ' ' — Naittmal 
rATBRPHOOFING COKCRETE. By Mtron H. Lewis. 



Materials. Paper binding. lUnatraCef 



DICTIONARIES 

TAKDARD ELECTRICAL DICTIONARY. By T. O'Conor Bloane. 



An indispensable work to all Interested In electrical science. Suitable alike for UlB 
BlAident and professional. A practical handbook of reference containing definitions o( 
about 5000 distinct words, terras and phrases. The deflRltioos are terse and concise 
and include every term used in electrical science. Hccently issued. An entirely new 
edition, should be In the poaaeaslon of all who desire W keep abreaat with the progress 
orthla branch of sclunce. Complete, concise and convenient, 082 pages. 3U3l]lustra- 
tlona. Price S3. 00 

DIES— METAL WORK 



S; THEIR CONSTRUCTION AMD USE FOR THE MODERN WORKIHG OP 
SHEET METALS. By J. V. Woodworth. 

A most iwefiil book, and one which should lie in tbe hands of all cnRaef^ In the press 
working of nietala; treating on tbe Dmlgning, Construe tine, and Use ofTool^, Fixtures 
and Devtcffl. together with the manner in which they should be used In the Power 
Press, for the cheap and rapid produetion of the great variety of shoet-nieial articles 
now In use. It is designed as a guide to the production of sboot-motal part* at the 
minimum of cost with the maximum of output. The bardonlng and tempering ot 
Press lools and the classes of work whicb may be produced to tbe 1>est advantage by 
the use of dies In the power press arc fully treated. Its 505 iliustratioos show dies, 
prcs.'^ ttxtiiresandabeet-meial working devices, the descriptions of which are so clear and 
praotlcil tJiat all metal- working mechanics will be able to understand bow to design, 
constniri and use them. Many of the dies and press fixtures treated were eltofH' 
constnii'ii-i by the author or under his supervldon. Others were built by skilful 

. mechaTjii'!. and are In use in large sheet-metal eslabllshmenla aod macbloe nbniM.. 
5th Edition. Price WiSi^ 

II 
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This work is a companion volume to the author's elomontary work pni.i tied "DiGE. Their 
OonstnictlDn and Uss." It doss not go into bha details of die-maldne to th^ extent of 
the author's previous Ixiok. but iflvea a coiiiprehenBive review of the field of operacioiii 
carried on by pnsBos. A large part of the Information ^ven has boon drawn rrom bhff 
author's personal experience. It mteht well be termed an Encyclopedia of Dle-M^dbg, 
Punch-Maklni;, DlB-SlnMng. Sheet-Metal Working, and Making of Special Tools. Suh- 

Ereasea. Devices and Mechanical Conibinatloos for PunchlnE, Cutting. Bending. Fomt- 
ig. Piercing. Drawing, ComuresslaK and AsMemblltiK ^heet-Metal Parts, and also ArU- 
cles of other MatoriaJs In Maehino Tools, ad Edllion. Prico S4.00 



This Is a pmctlcal trpatlao on Modem Sh 
TooIn, and Details treating on the Hot ant 
into Finished Shapes; together with Too 
manufacture of Duplicate Fori -■ — - ' ' 
from Bar and Sheet Metal. T 

regardiaa drop-torglnga, dio-a..-_.., _ -. .,„ „. ^ 

pracCicemTolved. as it actually exists In the modem drop-foreing shop. The proceiaei 
of dle-Blnklng and force-malcliig, which are thoroughly described and Illustrated in thli 
admirablo work, are rarely to be found explained in such a dear and concise manner 
sa Is here set forth. The process of dio-slnklng relates u> the engraving or sinking of 
the female or lower dies, such as are used fur drop-fondngs. hot and cold macmns 
forging, svredgiug and the press worldu); of metals. The process of force-maUng 
relates to the engravlQg or raishig of the male or upper dies used In produelog the 
loner dies for the press-forming and machine-forging of dupUcato parts of metal. 
In addition to the arl^ abovs mentioned the borne contains explicit Information r^ 
sarding the drop-forging and hardening plants, designs, conditions, etiuipment, drop 
hammers, foretog machines, etc., machine forging, hydraulic foraing. autogenous 
welding and shop practice. The book contains eleven chapters, and the inFormatloD 
contained In these cbaptora is just what will prove most valuable to the torged-metsl 
worker. All operations described in the work are thoroughly Illustrated by means irf 
. nerapectlve hair-tones and ontlino skelches of the machinery employed. 300 detalkd 
[ Ulustratlons. Price SS.SO 



^r DRAWING— SKETCfflNG PAPER 

PRACTICAL PERSPECTIVE. By Rif 

Shows Just how to make all kinds of „ , ^ ,„. ^_ 

spectlve Isometric. Makes everything plain so that any mechanic can underswml 



b Edition. 60 e> 
LINEAR PERSPECTIVE SELF-TAUGHT. By Herh.\n T. C. Krads. 

This work gives the theory and practice of lioear porspectlvo 
engineering and mechanical drawings. Persons taking up ' 
by themselves will be able, by the use of the Instruction gi 



suHiclently large scale to show the work clearly and are plainly figured. Theco la 

I — I.. J.J . Bclf-oxplanatory chart which gives all inforr— *■ '— •'-- "- ■■ 

llngof perspective. This chart alone la wi „ , 

thetiook. 3d Itoifised and enlarged Edition CJ3.80 



SEIiF-TAUGHT MECHAinCAL DRAWING AND ELEMENTARY MACHINE 
DESIGN. By F. L, Svi.vester, IVI.E., Draftsman, with additiona by Ebik 
Obero, associate alitor of "Matiiinrry." 

il Drawing and MacI 

m'hanlcal drawing, i 

I' ca\cula,l:tona aiul de 




Bign. compnauc 
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The author's aim has been to adant this treatise to the reauiremeots nf thi 
mechanic and young draftKman 

m&nner as possible. To meet tL_ ^ ^._. ._„__.^ . ,_^ 

importaot elements of maehiiie deslpn have been dealt with, and In a<l(lilioo algebraic 
formulas have been explained, and the elements of trii^bnometry treated in the manner 
b«t HUltod to the needs of tlie [iractical man. The book is divided into 20 chapters. 
and In arranftlng the material, meehanical drawing, pnro and simple, has been taken 
lip first. aHatboroueh understanding of the priodpleH of representing objects facllitatfia 
the further study of mechanical subjects. This is followed by the mathematica neces- 
sary for the solution of the problems In machine design whloh are presented later, and 
a practical Introduction to theoretleaJ mechanics and the strength of materials. The 
various elements entering int« inachioe design, such as cams, gears, sprocket- wheels , 
cone pulleys, bolts, screws, coupling, clut^^hea. shafting and fly-wheels, have been 
treated In such a way as to make possible the use of the worh as a text-book for a 
continuous course of study. It Is easily comprehended and assimilauid even bv 
students of limited previous training. 330 pages, 215 ei * "' 

NEW SKETcmNG PAPER. 

suable you to ma 

- np finMlno' It, 1„ .j^.,^ „„,„ ,u, ouu^, ui,™i„ ,„ 

lo the work of three, and no work. 

._ „ Pads of 40 sheets, fix9 inches, 86 cents. Fads 

of 40 sheets, 0iiI2 Inches, BO cents; 40 sheets. 12xlS, Price $1.00 

ELECTRICITY 

UTHMETIC OF ELECTRICITY. By Prof. T. O'Conor Sloane. 

A practical treatise on electrical calcuiations of all kinds reduced to a series Of miles, all 
of the simplest forms, and Involving only ordinary arithmetic: each rule illustrated 
by one or mora practical problems, with detailed solution of each one. Tlils book Is 
classed among the moat useful works pubUshod on the sdencc of electricity, covering 
as it does the mathematics of electricity In a manner that will attract the attention 
of those who are not familiar with algebraical formulas. 20th Edition. 160 juiges. 
Pdce Sl.OO 

JMMUTATOR CONSTRUCTION. By Wm. Baxter, Jr. 

The business end of any dynamo or motor of the direct current type Is the commutator. 
This book goes into the designins, building, and malntenanco of commutators, shows 
how to locate troubles and how to remedy them; everyone who fusses with dynamos 
needs this. 4th Edition Bo cents 

nSAMO BUILDING FOR AMATEURS, OR HOW TO CONSTRUCT A FIFTY- 
WATT DYNAMO. By Arthur J. Weed, Member of N. Y. Electrical Society. 
A practical treatise showing in detail the construction of a small dynamo or motor, the 
entire machine work of which can bedoneon a small foot lathe. Dimensioned working 
drawings are given for each piece of machine work, and each operation Is clearly 
deaaibBi. Tills machine, when used as a dynamo, has an output or fifty watta; when 
used as a motor it will drive a small driU press or lathe. It can be used to drive a 
sewing macblno on any and all ordinary work. The book la Illustrated with mors 
than slny original engravlngg showing tbe actual construction of the dlHerrait parta. 
Among the contents are chapterB on: 1. Fifty-Watt Dynamo. 2. Side Beariiw 
Rods. 3. Field Puucliinff. 4. Bearings. 5. Commutator, fi. Pulley. 7. Brush 
Holders. 8. Connection Board, a. Armature Shaft. 10, Armature. II. Armature 
■Winding. 12. Fleki Winding, 13. Comiecthig and Starting. Price, paper, 50 cents. 
Ckith Sl.OO 



A thoroughly practical treatise covering the subjuct of Electric Wiring hi all its brai 
''eluding explanations and diagrams which are tlmronghly explicit and greatly sli 

10 HUhiect. Practical, every-^ay problems In wiring are preseatiBEi ami t'os, -r? 

■pbtamlng inloUigenc results clearly shown. Qnlj arWiffiMSSiK, ta laasA.. «Soj 
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Ib Bivon B simple eiplanaMon wiUi rpforence to wiring for direct and altern>l^ 
currents. The fundament&l principle oT drop of potential Id circuits ia sbOWD with JH 
various apnlicatlona. The Hlraplo circuit Is developed with the position oT aaia, 

'— ■ d branches; tlieir treatment as a part of a wiring plan and thet '~ 

■--- -ilearly u' - -— '• ^ 

- — systematically treated, built up and iUu8tral©d"^wi« 

,_, onnoction with the circuits, and to shunt and eomponM 

wound mBcfalnOB. The simple prluciples or switchboard couBtructloii. the dertlm- 
ment of the switchboard, the connections of the various iastruments, including ml 
llghtniuK airestcr, are also plainly set forth. 

AiteroatlnK current wlrlog Is treated , with explanation.'; of the powra' factor. 
calling for various sizes afwlrc, and a simple way of obtaining ttie sUes for sinKie-jinaiB, 
two-phane and ihree-jibase circuits. This Is the only coinpleUi worlc issued diowtu 
and telling you what you should Itnow about direct and altornottnn current wiring. It 
IB a ready reference. The work la free from advanced lechnl call ties and mathematics, 
arithraetSc bebig used throughout. It is in every respect a handy. woU-writtaii 
Instructive, comprehensive volume on wiring for tne wlruraan. foreman, contractor, 
or electrician. 272 pages; 105 lUtiBtrationB, Price Sl.SO 



uiuKictura of genuine and luieful electrical appllanca 
]s ospeclaily deslgnei" * ' ' .->.— 



•f our young people arc dally experi men ting, and buuily on^aged In maldnt 
13 and apparatus of various kinds. The present work is just what Is mat- 

.. 1 ,j ._,^_.., — , '-'-1 jiractloal maon '"- "■ ' — 

Edition. Price 



a plain practical maoncr. with iUustratUina 
2DthEd'-'~ "-■— 



PRACTICAL ELECTRICITY. By Prof. T, O'Conob Sloane. 

► This work of T6S pages was previously known as Sloano's Electricians' Hand Book, tnl 
Is Intended for the practical electrician who has to make Chines go. The Gnllre 
field of dectriclCy Is covered witliln Its pages. Among some of cne xubjecls treUtxi 
are: The Theory of the Electric CiUTBut and Circuit. Electro-Chemt.'itry, PrimuT 
Batteries, Storage Balteries, Gooeration and UtiliBatlou of Electric Powers, AUa- 
Bating Current. Armature Winding, Dynamos and Motoia, Motor Genoralon. 
Operation of the Central Station switchboards. Safety Appliances, Dlatrtbulioii 
□I Electric Light and Power. Street Mains, Transformers. Arc and Incandescent 
IJirhtlng, Electric Measurements, Photometry, Electric Railways, Telephony, BeO- 
Wfring, Electrio-PlatlnB, Electric Heating. Wireless Telegraphy, etc. It cootnlnaM 
useless theory; eveirthlng is to the point. It teaches you Just what you want M 
know alxiut elcctricily. It is the standard work published on the subject. Foitr- 
one chapters, oSQ eogravlngs. Price SS.w 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conob Sloane. 

The object ot "Electrli^Cy Simplified" Is to make the subject as plain as possible ud 
to show what the modem conception of electricity is; to show how two plat«e Dl 
different metal. Immersed In acid, can send a message around the globe; to explUn 
how a bundle of copper wire rotated by a steam engino can be the agent in lighdnl 
our streets, to tell what tlie volt, ohm and ampere are, and what high and low tewM 
mean; and to answer the Questions that perpetually arise in the mind in this age al 
electricity. 13tb Edition. 172 pages, lliustratod. Price Sl.OO 

HOUSE WmiNG. By Thomas W, Poppe. 

This work describes and llUtslrates the actual Installation of Electric JJgbt Wlri«. 
the manner bi which the work should be done, aod the method of doing It. Thobool 
can Iw conveniently carried In the packet. It Is Intended for the Electrician, HelM 
and Apprentice. It solves all Whlng Problems and contains nothing that conllfcti 
with IbiTiillnns of the National Board of Fire Underwriters. It given iust the Inform*- 
tkiii f>..si'[i[[:il lu ilu' Successful Wiring of a Building. .Ai^ou): I be subjt)ct« treated aiV 
l.ot';iti[i!;(li.' Minr. Panel Boards. Swllches. Plui? IU-cdCu-Ii-s. Brackets, CuIUnl 

'I'ter Connections. The Feed Wires. Tli,' Hxev\ Amionyl Cabm 

iible Steel Conduit System, The BiiliK Cozuluit Svsimu. "" " 

„ja.rd of Fire Underwriters' ruloa relaiiui; io metaUic wiring 

dU-lii!is arrangBmenta eioWoail amd. aitteraouaul. The uasluat — 

H 





CATALOGTJE OF GOOD, PRACTICAL BOOKS 

testing the Three- and Four-way circuits explained. The grounding of all metallic 
wiring systems and the reason for doing so shown and explained. The insulation of 
the metal parts of lamp fixtures and the reason for the same described and iUustrated. 
125 pages. 2nd Edition, revised and enlarged. Fully illustrated. Flexible cloth. 
Price 60 cents 

WHAT IS SAID OF THIS BOOK: 

**The information given is exact and exhaustive without being too technical or over- 
laden with details." — Druggists' Circular. 

OW TO BECOME A SUCCESSFUL ELECTRICIAN. By Prof. T. O'Conob 

Sloane. 

Every young man who wishes to become a successful electrician should read this book. 
It tells in simple language the surest and easiest way to become a successful electrician. 
The studies to be followed, methods of work, field of operation and the requirements 
of the successful electrician are pointed out and fully explained. Every young en- 
gineer will find this an excellent stepping stone to more advanced works on electricity 
which he must master before success can be attained. Many young men become dis- 
couraged at the very outstart by attempting to read and study books that are far 
beyond their comprehension. This book serves as the connecting link between the 
rudiments taught m the public schools and the real study of electricity. It is inter- 
esting fh>m cover to cover. Eighteenth Revised Edition, just issued. 205 pages. 
IUustrated. Price $1.00 

FANDARD ELECTRICAL DICTIONARY. By T. O'Conor Sloane. 

An indispensable work to all interested in electrical science. Suitable alike for the 
student and professional. A practical handbook of reference containing definitions 
of about 6,000 distinct words, terms and phrases. The definitions are terse and 
concise and include every term used in electrical science. Recently issued. An en- 
tirely new edition. Should be in the possession of all who desire to keep abreast with 
the progress of this branch of science. In its arrangement and typography the book 
is very convenient. The word or term defined is printed in black-faced type which 
readily catches the eye, while the body of the page is in smaller but distinct type. The 
definitions are well worded, and so as to be understood by the non- technical reader. 
The general plan seems to be to give an exact, concise definition, and then amplify 
and explain in a more popular way. Synonyms are also given, and references to other 
words and phrases are made. A very complete and accurate index of fifty pages is 
at the end of the volume; and as this index contains all synonyms, and as all phrases 
are indexed in every reasonable combination of words, reference to the proper place 
in the body of the book is readily made. It is difficult to decide how far a book of 
this character is to keep the dictionary form, and to what extent it may assume the 
encyclopedia form. For some purposes, concise, exactly worded definitions are needed ; 
for other purposes, more extended descriptions are required. This book seeks to satisfy 
both demands, and does it with considerable success. Complete, concise and con- 
venient. 682 pages. 393 illustrations. Twelfth Edition. Price . . . . $8.00 

WITCHBOARDS. By William Baxter, Jr. 

This book appeals to every engineer and electrician who wants to know the practical 
side of things. It takes up all sorts and conditions of dynamos, connections and 
circuits, and shows by diagram and illustration just how the switchboard should be 
connected. Includes direct and alternating current boards, also those for arc lighting, 
incandescent and power circuits. Special treatment on high voltage boards for power 
transmission. 2d Edition. 190 pages. Illustrated. Price $1.60 

ELEPHONE CONSTRUCTION, INSTALLATION, WIRING. OPERATION 

AND MAINTENANCE. By W. H. Radcliffb and H. C, Gushing. 

This book is intended for the amateur, the wireman, or the engineer who desires to 
establish a means of telephonic communication between the rooms of his home, office, 
or shop. It deals only with such things as may bo of use to him rather than with 
theories. 

Gives the principles of construction and operation of both the Bell and Independent 
instruments; approved methods of installing and wiring them: the means of protecting 
them from lightning and abnormal currents; their connection together for operation 
as series or bridging stations ; and rules for their inspection and maintenance. Line 
wiring and the wiring and opt^ation of special telephone systems are also treated. 

Intricate mathematics are avoided. and all apparatus, circuits and systems are thor- 
oughly described. The appendix contains dennitions of units and terms used in the 

IS 
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^ 



toit. Selected wiring tables, which a 
Huhjecte treats ore ConHtniction, Operatloii, and InstallBtitm of Telephone Initni- 
~ : Inspection and Maintenance of Ti.>l(<phone InsttiunetiCB: T»eplu>ne Ilgt, 

.. ™>._^ — T..i„_i .._„^i nd Cables; Wiring and Operation of SpaSll 

1, revLwd and enlarged. 223 pages. IH 
81.00 



ThI is undouhtifdl onfi of the lyt o r 1 1^ an i omnrpl Pistl le trcatlsos on lit 
su Jvl, ver DuUihhPd and a do c d of pi cs r U ™aHe one t master all Ibo 
dctaUs of Ihc wir 1 -ss trvn i* n r t II i I r I n« fill -d a lang-fdl 

want and baa Hucceoded infml ^al Icn b lie nxplanatlon In rIiu^ 
langiiagB of the th 'orj and pr IT r 1 i^r- 1 teiti hon 

AmonK the contPnts are Introdu to W nli-ss Trans uss on a 1 R ■ceptlon— The 



Th Tr 
5 Spark (. aps Anchor Uapa ^er a ^wltcbcs— Tha 
necoivin p i w -c r= et — T Uling and Coupling TunlnR C Ita Law 

Coupler llirec ive Wave s, ■rtems— Mfacellnnco is ^pparaBB, 

Tolephon 1 1 C '^tat ons Itatc InterrBrancn — W relesa Telephones, 

Bound a (i >fjX Lords an J Far Wtrelesg Telei. hono IIoii Sounilt 

Arc Chan n L \\ ■« — ^W reless Tulcphonoa The Appara us — 3uminary. 

154iaBea 1 (jra k*! Price fl.M 

WHAT la SAID OP THIS BOnii!: 
"This books! 

, , , fflRIKG A HOUSE. By Herbert Pratt. 

f^i Shows a bouse already bidlt; telle Just how to start about wiring it: where to 

^^H what wire to use; how to run it acoordbig to Insurance Rules: intact, just the in 

^^H tiiin you need. Directions apply equally to a shop. KaurtJi edition . , 85 

^^ FACTORY MANAGEMENT. ETC. 

MODERN MACHINE SHOP CONSTRDCTION, EQUIPMENT AHD MANAGE- 
MENT. By O. E. pEREiioo. M.E. 

puiilislipd Ihat describes ihc modern riiachine shop or inanu(actii*« 
time llie grass is growing on the site inteoded far It until tb« flnlM 

_. iped. By a carefid study of il« thirty-two cbapters the praoticl "^ 

inomically build, clHciDnlly equip, and siicccssfidly manage the modem m 



plant from the time tlie grass is growing on the site intended far It until tbti .„ 
product Is shipped. By a carefid study of il« thirty-two cbapters the practical 
may economically build, cfflclonily equip, and siitTCssfidly manage the moi' — — *- 
shop or manufacturing eatahll.'ihment. Just tho book neoded by those Ci 



„ n buildings, the rebiiildlnB and reorRaniiation _. _, 

or the Introductlou of raodem shop methods, lime amd cost systems. It ia 
written and lUustrat^^ by a practical shop man for practical shop men who 

buay to read theories and want /aria. It is the most complete all-around boo 

Idnd over published. It Is a pracUcal book for practical men. from the apprentice tt 
the shop to the pro^dent in the ofSce. It minutely deacribea and Illustrates Uu nvn 
idmple and yet the moat efflcleut time and cosf ' ..— .— j " , 

FUEt 



This book has been prepared with special reference 
combuatJoa of the common fuels found In the Unt 

cuals In Stallaiiary and Locomotive SUtam Boilers. 

The presentation of this important subject Li syst* 

rangement of tile book b In a series of practical questions ._ _.„ _^^ 

accurate ansnere. wbleh describe in language, free bom tcehnicaUtiea, tJie a 

Pfx>ces9iB involved in tho furnace combustion of American tueis : it eiiariy MMes tt 

essential reqtifsites for perfect combustion, and polnlaout the liest methods for fti 

construclton toe obtaining the grealeBt quantity a' '-—' ' ■ - ' 

coal. .NearJr 350 pages, fully iUustnned. Pitae . 

l6 
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GAS ENGINES AND GAS 

THE GASOLINE ENGINE ON THE FARM: ITS OPERATION, REPAIR AND 
USES. By Xbno W. Putnam. 

This is a, practical treatise on the Gasoline and Kerosene Engine intended for the man 
who wants to know Just how to managQ his eogino oad how to apply iC to all kinds of 
farm work to the b^t advantage. 

This book abounds with hints and helps for the farm and suKRestions for the home 
and hoiuewlfe. There la so much of value In this book that it Is impossible to ade- 
quately dGscribe It In such amaD space. Suffice to say that It la the kind of a book 
every farmer will appreciate and every farm home ought to have. Includes selecting 

the most suitable ot^ne tor farm work, its most convenient and efficient ' "-■' — 

— "h chapters on troubles, Lhehr remedleis. and how to avoid thorn. ■"' 

. .>._ .. . — ^__ , — 1 — ._jg iiaiTQwlnK, harvestln " 

given for handling the 1 

-JviuR farm life of Its drudgery by applying power tc 
htch must otherwise be done by hand. Many home' 
nod, supplying kitchen, garden, and bam wlUi water, 
hay. duIlverinE grain to the bins or the feed trough 
1 for making the engine milk the cows, chum, wash. 

""""' "'" ^ — fully lllastrated with drawings of 

. hlo and Tractor Engines doing all 

—aklnB ferms utiUzo power. Learn how to utilize 
i book. It Is an aid to the result getter, InTaluable 
blacksmith, implement dealer and, In fact, all who 
' tlonary gasoline engines or gas tractors to advan- 
vhigs. Prlco S8.00 

WHAT la SAID OF THIS BOOK; 
" Am much pleased with the book and find it to be Tery complete and np-to-dale. 
I will heartily recommend It to students and farmers whom I think would stand in 
need of such a work, as I think It Is an esccptlonally good one."— iV. S. Gardiner, 
Prof in Charge, Clumson Agr. CoUege of S. C; Dept. of Agri, and Agri. Eip, Station, 
Clemson College, a, C, 

"I feal that Mr. Putnam's book covers the main points which a farmer should know." 
— B. T. BurdicK Instructor in Agronomy, I'lilvorsicy of Vermont, Burlington, Vt. 
"It will be a Taluable addition to our library upon Farm MacWncry."— JoTiies A. 
Farra. lost. In Agri, Engineerii^, State Univi'rsily of Ky., Lexington. Ky. 

GASOLINB ENGINES: THEIR OPERATION, USE AND CARE. By A. Hyatt 
Vehrill. 

' The simplest, latest and most comprehensive popular work published on Gasoline 
Englnis, describing: what the <Ja.soUne Engine Is: Its construction and operation; how 
tn ItiBiaiMh- hnn- In spinft. it- hnw to USD It and how to remedy troubles encountered. 
s and Users of Gasoline Motors of all kinds. This 




work fully dfscribis and illustrates the various types of Gasoline Engines 

,...,. T. ,.,.,. ,,...,..„ T^nd atationary Work ■"■- *- 

-r.. -r .^, .....^ whapters on ignition, i ,. ..,.^..,^^.^.., v,,,...,.,,,^^, 

engine trouhlm. Special attention is given to the care, operation and repair of m 



Motor Boats, ^'^ lor Vehicle! and atatlonary^^Work. _The parts, ac 



applianccK are described, with chapters on ignition, fuel, lubrication, operation and 

'"" ' — ■"'"" '~ — "' "" -"-- la given to the care, operation and repair of motora, 

n emergency ropaira and makeshifts. A complete 



1 an alphabetically arranged table of troubles and their 
B and unique features or this manual. Nearly every 
inal. having been made by the author. Every page fa 
lOOk which you cannot afford to be without. 275 pages. 
Price il.60 

GAS, GASOLINE, AND OIL ENGINES. By Gardner D, Hiacox. 

Just Issued, 21st revised and enlarged edition, Eveir user of a gas engine needs this 
book. Simple, Instructive, and right up-to-date. The only conipleto work on the 
BUblect. Tells ail about the running and management of gas, gBsoline and oil engines, 
as designed and manufactured in the United aiates. Explosive motors for stationary 
marine and vehicle power are fuily treated, together with ilivislrations of liieb- parts 
and tabulatpil sizes, also their care and numing are Included. Electric ignition t^ 

._. ...._^, ,. — J . — p jpjri, apg fuUy explained and llluattated, IvuAviAta* -s^fcisMifc 

'"g ftir economy ana powet an4ttiBotai''.VKi«l-'*<y»w5«s*»- 
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reifi2lii.tloDS 

„— ipiit of gosoUno motora Is given in tulf, miegestiiiK 

CM'lo'l'vo moMr novrer. A list of Unlticd -States PaHm [a iasuecj 

inca and Uicfr adjunela trom ia75 to date la Induded. 040 pftgaa. 435 enktw- 

Folding platea. Price SB.90 

GAS ENGINE CONSTEITCTION, OR HOW TO BUILD A HALF-HOSSE- 
POWER GAS ENGINE B Pah and tt 

rar 00 pim pv co p ps f the action it 

as f If-horse-pDwt- 

Gas 'ss itb the mmea- 

si lis or the HtinlBiit 

sc hi boo reatsofUieEul^ 



mokhigorU] 



hook, but dmiir 
hia onnoagiiw. 
Being a quldc 



. 86 eaU 

R E. MATBOt. 
. user, and engineer !□ the construction, itelectkiii 
nd malntenajice of gas engines. More tium OM 
1, but not one has thue far even encroached on tlw 
.11 Mr. Mathot'B work is a practical guide. Becfll- 
* ' gas euglDQ user In undentvidu 
power, the author baa discussed li 



expert ngl 

MODERN GAS ENGINES AND PRODUCER GAS PLAN S 

A guide for the cas engine deaignei 

purchase, inatallatlon, operation, a 

book on gaa eiiKlnes has been writte 

Held covered by this book. Above : 

nlzlng the need of a volnme that ■ 
^B thoroughly the motor upoa wl 

^^ subject without the help uf a 

^H planations. Every part of the „ ._ _ .,. _ 

^H a thorough unrteratandlng of the requirements of the mfchanic. Helpful 

^^ as to the purchase of an engine, its Installation, carp, aiid operation, form a mint 
■ valuahlefeati^reofthework. 320 page^. 175 detailed Illustrations. Pries . SS.tO 

TOE MODERN GAS TRACTOR. By Victor W. PAGfi. 

A complete treatise describing all types and sizes of gaaoUne, kerosene and oil tmcUO. 
ConBlders design and construction eithaustively, gives romplete instructions for cart. 
opcratiOD and repair, oiitllnm all practical applications on the road and in the Add. 
The liesl and latest work on farm tractors and tractor power plants. A work needed 
by fitrmers, studeiil«, blacksmiths, mi^hanies, salesmen, implement dealers, dedgam 
-„j . t™, Nearly ,■!(» illustrations and fokUng; plates. Price $2.00 



and engineers. 



GEARING AND CAMS 



BEVEL GEAR TABLES 



CHANGE GEAS DE 





lAFTIWG OF CAMS. By Loma RouimON. 

— ■ ■ - ms ft a seri 



This puts you QQ Che ri«bt toad foe practicaQy any kind of cam you are llkoly 
■ ~" — --- Sh 



The layioB out of c&ms ft a serious prabk-oi utilpss you know how to eo at it right. 

This puts you on Che ri«bf — -■ • "~" '''-■ "' '" •' 

up aealnst. 3d Edition. 

HYDRAULICS 

fDRADLIC ENGINEERING. By Gardner D. Hiscox. 

A treatiso an tbe properties, power, and rosourcps of water for an purposes. Inehiaing 
the measurement of streams, the flow of water in pipes or conduits; the horse-power 
oT failing vrater. turt>ine and impacE watcr-whooia, wavo motors, ceatrifugal, rocipro- 
catjne and air-lift pumps. Wfth 300 Hgures and diasrams and 36 practical tables. 
All who are Interested In water-works development will find this book a unufid one. 
becaaae it is an entirely practical treatise upon a subject of present importance, and 
cannot f^ in havini; a far-iDachiog influence, and for this reason should have a place 
in the worfdng library of evOTV engineer. Among the subjects treated are: Historical 
Hydraulics, Propertits of Water. Measurement of the Flow of atreams; Flow 
from Sub-HurTace (.Irillces and Nozzloa: Flow of Wa(«r in Pipes; Siphons of Various 
Kinds; Dams and Cirtat Storage Reservoirs; City and Town Water Supply; Wella 
and Their Kelnforeement: Air Uft Methods of Hosing Water; Arteskn Wells; 
Irrigation of Ariil Districts; Water Power; Water Wbcels; Pumps and Pumping 
Machinery; Reclrinwating Pumps; Hydraulic Power Transmission; Hydraulic 
MUiinu; Canals; Ditches; Conduits and Pipe Lines; Marine Hydraulics: Tidal and 
Sea Wave Power, etc. 320 pag^a. Price S4.00 

INVENTIONS— PATENTS 

TffiNTORS' MAHTTAL, HOW TO MAKE A PATENT PAY. 

Tlds is a book designed as a guide to inventors In perfecting their Inventions, taking 
out thdr patents and disposing of them. It is not hiiany souse a Patent Solicitor's 
Circular nor a Patent Broker's Advertisement. No adverilsementa of any description 
appear In (be work. It ia a book containing a quarter of a century's experience of a 
successful Inventor, together with notes based upon the eiperience of many other 
In von tors. 

AmonK the subjects treated in tiils work are: How to Invent. How to .Secure a 
GoodPatent. Value of Good Invention. How to Eiliiblt an Invention. How to 
Interest Capiul. How to E^stlmate tbe Value ofa Patent. Value of De.sicn Patents. 

^_. . r,___._ ,. ._ ,._, . „ — „ , ., — Advice on Seiling Patents. 

on the Formatlbn of Limited 

, , ^ ^tentB. Advice as to Patent 

AlWrneys. Advice as to Selling Agents. Forms of Assignments. License and Con- 
tracts. State Laws Ooncemina Patent Rights. lUOO Census of the United States by 
Counts Of Over 10,000 Populadon. Kevised edition. 120 pages. Price . . $1.00 

KNOTS 

TOTS, SPLICES AND ROPE WORK. By A. Hyatt Verrill. 

This Is a practical book giving complete and simple directions for making alt the moat 



Splicing, Pointing, 
hundn^ a--" "'— 



Seizing. Serving, etc. This book is fUL^- Illustrated with one hundn^ and fifty 
original engravings, which show how each knot, tie or splice Is formed, and ita appear- 
ance when finished. The book wUl be found of the greatest value to Campers. Yachts- 
men. Travelers, Boy Bcouts. In fact, to anyone having occasion la use or handle rone 
or knots for any piu'pose. The book Is thoroughly n 



Cable and Bolt Kope. Strei 
Bends. Terms Used io " 
Moosti, Loops and Moo 



I.afihlnna. 



,-. and Splices. 
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LATHE WORK 



1 



LATHE DESIGN, CONSTRDCTION, AND OPERATION, WITH PRACTICAL 
EXAMPLES OF LATHE WORK. By Oscar E. Perriqo. 
A new revlaed edillon, and the only compleW American work on the subject, wrilloi 
by B man who knows not only how work ought to he doni!, but who also knaas boo 
to do It, and how to convey this kiiowledBe to others. It is strictly up-to-date in Ka 
doscriptioDB and illuslTBtiDns. Lathe liislory and the reiatloDS of the latho to nuou- 
tacturing are (rtven; also a description of the various devlcea for reeds and thnad 
culling mDchanisma from early enortti in this direction to the present time. Lathe 
doalKi iii thoroughly discussed, includlnn iKudt. gcariaa, driving cones, ibread-cutclni 
gears, and all the essentlBl elements of the modem lathe. The elassiflcation of IsthBi 
is taken up, giving the essential dilTerunces of the several types of lathes tndudln;, 
as Is usually uiidersloodi engine iathea, bench lathes, speed lathes, forge lathoa, gap 
lathes, pulley lathes, forming lathes, multiple-spindle lathes, rapid-reduction latbea, 
precision lathes, turret lathes, special lathes, electrically-driven lathes, etc. In idiil- 
liDD to the complete exposition on construction and design, much practical matfic on 
lathe Installation, care and operation has been Incorporated In the enlarged 1915 edi- 
tion. All kinds of lathe attachments for driUlng, milling, etc.. are described and 
complete Instructions are given to enable the novice machinist to grasp the art of Utho 
operation as well as the principles involved in dosiRn. A number of difficult machiniiit 
operations are described at length and Illuetratea, The new edition has nearly SOQ 
pagea and 350 Uiustratious. Price SS.B" 

WHAT IS SAID OP THIS BOOK: 
"This Is a lathe book from beginning to end, and is Just the kind oF a book which on. 

"This work will bo of exceptional Interest to anyone who is interested In lathe pradWi 
OS one very seldom sees such a complete treatise on a subject as this is on the lathe, "-- 
Canadian Machincrn. 

JURHING AHD BORffiG TAPERS. By Fred H. Colvin. 

^^^ There are two ways to turn Woers; the right way and one other. This treatise Sua 

^^H Vo do with the right way: it tells you how to start the work properly, how to set lU 

^^B lathe, what tools to use and how to use them, and forty and one otber little thlnn 

^^H that you should know. Fourth edition 25 ccdM 

UQUID AIR 



I 



LIQUID AIR AND THE LIQUEFACTION OF GASES. By T. O'Conor Sloani. 

This bAik gives Ihi' hislJiry of the theory, diacovory, and manufacture of Liquid Ak, 
and contains an illustrated description of all the experiments that have excllod tte 
wonder of audiences aU over the country. It shows how hguid air, like waWr, b 
carried hundreds of miles and is handled in open buckets. It tells what may b~ '^ 
peeled from It In the near future, 

'A book that renders simple one of the most perpleiliiy chemical problems o 
century. Startling developments lllusiraled by actual ci:periments. 
It is not only a work of sclenclllc IiiterFsi and authority, but Is Intended for the aeaeat i 
reader, being written in a popular st^^le — easily understood by every oqcl mcooA 
Edition. 305 pages. Price SaiOO 

LOCOMOTIVE ENGINEERING 



Service) Triple Valve for Freight Servici 
operation of all parts of the appara- 
Ondlng their peculiarities anil dcfti" 
2.000 questions with their answ^r^. 
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MEBICAH COMPOUND LOCOMOTIVES. By Fred H. Colvin. 

The oiily hook on compoiinrts Tor the cnsineman or Bhopman thnt shows [nap ain 
practical way thii varlouH fenturcs of compound loooiODtivfH In use. Shows how hey 
are iitadp» whELt to do when they break down or batk. Oontains sections as follows — 
A Bit of History. Thporj' of ComjwundhiB Steam Cylindsrs. Baldwin Two-C U der 
Compound, rittsbiirg Two-CyUndor Compound. Bhodo Island Compound R h 
mono Compounii. Koners Compound. Schenectady Two-Cylinder Compound 
Vauclaln Compound. Tandem Compounds. Baldwin Tandem. The Colvin Wight- 
inan Tandem, aehe.nertady Tandem. Balanced Locomottvea, Baldwin Baancod 
Compound, Plans fur Balancing. Locating Blows. Breakdowns. Reducing a e^ 
Drifting. Valve Motion, Disconnecting. Power of Compound Locomotives Pra 
cal Notes. 

Fully illuetrated and ci 
showing different t^pc 



Tills book has been prepared with special reference to the generation of heat by the 
combustion of the common fuels found in the United States and deals particularly 
with the conditions necessary to the economic and amokeloas combustion of bituminous 
coal In Statlooary and Locomotive Steam Boilers. 

Presentation of this important subject is systematic and proeressIvB. The ar- 
rangement of the book Is In a serlis of practical questions to which are appended 
accurate answers, which describe In lanpuage free from technloalltlos the sevHral 
proces4e<i involved in the furnace combaition of American fuels ; it dearly states the 
essential requLsitcs for perfect combustion, and points out the t>est methods of furnace 

tructlon for obtaining the greatest duantLty of heat from any given quality of 

Nearly 350 pages, fully Illustrated. Price 91.00 

HARY OF A ROUND-HOUSE FOREMAN. By T. 8, REmLr. 

This Is the greatest book of railroad eitperlences ever published. Containing a Hmd of 
information and sUKgeations aloi^ the line of handling men, organizing, etc,, that one 
cannot afford to miss. 178 pages. Price Bl.OO 



A handy book for the eugtnocr or machinist that clears up the mysteries of valve 
setllue. Shows the different valve gears in use. how they work, and why. Piston 
and slide valves of dtirerent types are lllUBtratwl and explained. A hook that every 
railroad man In the motive power department ought to have. Contains chapters oa 
Locomotive Link Motion, valve Movements, Setting Slide Valves. Analysis by 
Diagrams. Modem PratticB, SUp of Block, Slice Valves, Piston Valves, Setting Piston 

Valves. ,loy-Allen Va'— ' "--i— .. — . ir-i — r- — .-. 1. i-_i — .-. — .i> — 

Hubbell VdvQ Gear, e 

■OCOMOTIVE BOILER CONSTRUCTION. By Frank A. Klbinhato. 

The construction of boilers in general is treated, and, folloudng this, the locomotive 
boiler Is taken up in the order In which Its various parte go through the shop. Shows 
all types of boilers used: gives details of constnicUon: practical lacln, Kiicb as life ol 
riveting, punches and dies: work done per day, allowance for bonding and lian^dng 
Bheetfl. and other data. Including the recent Locomotive Boiler inspection laws 
and Kxaminatlou Questions with thoir answers for Government It^spectors. Contains 
cJiaplera on Layink Out Work; Flanging and Forging; Punching; Shearing; Plata 
Planing; General TahloB; Finishing Parts; Bcndhig; Machinery Parts; Riveting; 
Boiler Details ; Smoke Box Details ; AasemhUng and Calking ; Boiler Shop 
Machinery, etc., etc. 

There Isn't a man who has anything to do with boiler work, either ni 
who doesn't need this book. The manufacturer, superint— "—- '' 

worker — all need it. No matter what the type of boiler, y „. ...., 

""1 that you wouldn't be without. Over 400 pages, ave laree TeA^i!a. ^j^ai£».. 
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LOCOMOTIVE BREAKDOWNS AND THEIR REMEDIES. By Geo. L. Fowler 

llevLs()d by Wm. W. Wood, Air-Brake Instructor. Just issued. Revised 

pocket edition. 

It Is out of the question to try and toll you about every subject that is covered in this 
pocket edition of Locomotive Breakdowns. Just imagine all the conunon troubles 
that an engineer may expect to happen some time, and then add all of the unexpected 
ones, troubles that could occur, but that you have never thought about, and you will 
And that they are all treated with the very b€«st methods of repair. Waiscfaaert 
Locomotive valve Gear Troubles, Electric Headlight Troubles, as well as Questions 
and Answers on the Air Brake arc all included. 312 pages. 8th Revised Edition. 
Fully illustrated $1.00 

LOCOMOTIVE CATECHISM. By Robert Grimshaw. 

The revised edition of "Locomotive Catechism," by Robert Grimshaw, is a New Book 
from Cover to Cover. It contains twice as many pages and double the number of 
illustrations of previous editions. Includes the greatest amoimt of practical informa- 
tion ever published on the construction and management of modern locomotives. 
Specially Prepared Chapters on the Walschaert Locomotive Valve Gear, the Air- 
Brake Equipment and tne Electric Head Light are given. 

It commends itself at once to every Engineer and Fireman, and to all who are going in 
for examination or promotion . In plain language, with full, complete answers, not only 
all the questions asked bv the examining engineer are ^ven, but those which tiie 
young and loss experienced would ask the veteran, and which old hands ask as "stick- 
ers." It is a veritable Encyclopedia of the Locomotive, is entirely ftee from mathe- 
matics, easily imderstood and thoroughly up-to-date. Contains over 4,000 Examimi- 
tion Questions with their Answers. 825 pages, 437 illustrations and three folding 
plates. 28th Revised Edition $2.60 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTIVE 

FIREMEN AND ENGINEERS. By Chas. F. Lockhart. 

An entirely new book on the Locomotive. It appeals to every railroad man, as it 
tells him how things are done and the right way to do them, written by a man who 
has had years of practical experience in locomqtive shops and on the road firing and 
running. The information given in this book cannot be found in any other similar 
treatise. Eight hundred and fifty-one questions with their answers are included, 
which will prove specially helpful to those preparing for examination. Practical 
information on: The Construction and Operation of Locomotives; Breakdowns and 
thoir liemedies; Air Brakes and Valve Gears. Rules and Signals are handled in a 
thorough maimer. As a book of reference it cannot be exceUed. The book is divided 
into six parts, as follows: 1. The Fireman's Duties. 2. General Description of the 
Locomotive. 3. Breakdowns and their Remedies. 4. Air Brakes. 5. Extracts 
from Standard Rules. 6. Questions for Examination. The 851 questions have beer 
carefully selected and arranged. These cover the examinations required by the 
dilferent railroads. 3G8 pages. 88 illustrations. Price $1.60 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADING. 

By George Buadshaw. 

This book is a heart-to-heart talk with Railroad Employees, dealing with facts, not 
theories, and showing the men in the ranks, from everv-day experience, how accidents 
occur and how they may be avoided. The book is illustrated with seventy original 
photographs and drawings showing the safe and unsafe methodLs of work. No vision- 
ary schemes, no ideal pictures. Just plain facts and Practical Suggestions are given. 
Every railroad employee who reads the book is a better and saier man to have In 
railroad service. It gives just the information which will be the means of preventing 
many injuries and deaths. All railroad employees should procure a copy; read it, 
and do your part in preventing accidents. 109 pages. Pocket size. Fully illustratec!. 
Price 60 cents 

TRAIN RULE EXAMINATIONS MADE EASY. By G. E. Ck)LLiNawooD. 

This is tlie only practical work on train rules in print. Every detail is covered, and 
puzzling points are explained in simple, comprehensive language. niA.iriTig it a practica. 
treatise for the Train Dispatcher, Engineman, Trainman, and aU others who have to 
do with the movements of trains. Contains complete and reliable information of the 
Standard Code of Train Rules for single track. Shows Signals in Colcos, as used on 
the dilferent roads. Explains fully the practical application of train orders, giving ft 
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and he road for ulu bbwoko pi,"^ F U llii_jdHh Train filKiuils 

Id Colors Pric . Sl.Sfi 

I WALSCHAERT AMD OTHER MODERIT RADIAL VALVE GEARS FOR 
LOCOMOXtVES. By Wm. W. W'ood. 

IT you would thorouehly undwstauil iJie WalachiiBrt Valve Gear you should posses* a 
copy of this book, as the author takes the plainest fOnuof a ijteam iingine — a. atatlooarj 
Cmgine hi the roitgh. that will only turu its crank ]q one direction — and from It builds 
Dp — with the reader's help— a modem locomotiTO equipped with the Walscboert 
Talve Gear, comi^lete. The points discussed are dearly illustFated; two large folding 
plates that show the positioos of the valves of tioth Inside or outKlde admission type, as 
weU as the Unl^ and other parts of the near when the crank is at nine dUTcrent polntd 
In Its revolution, ars especiaUy valuable Id mabjiig the movement clear. These employ 
BUdlng cardboard models winch are contained in a pocket in the cover. 
The book la divided InM Bve general divisions, as follows: 1. Analysis of the gear. 
a. Dsaignine and erecthuctbB gear. 3. Advantages of the gear. 4. Questions and 
answers relating to the Wabwliaert Valve Gear, S. aetting valves with the Wal- 
■chaert TalvB Gear: the three primary types of iw.'omotive valve motion: modem 
radial valve gears other than the Wabchaert; the Hohart Ali-freo Valve and Valve 
Gear, with queedons and answers on breakdowns: the Baker-PUllod Valve Gear; the 
Improved Baker-Pilliod Valve Gear, with questions and answers cm breakdowns. 
The questions with full answers given will bu eupwclally valuable to flretneo and engl- 
noers in preparing for on exainlnattou for promotion. 245 pages. Third Revised 
Edition. Wee S1.60 

yESUHGHOUSE E-T AIR-BRAKE mSTRDCTION POCKET BOOK. By 

Wm. W. Wood, Air-Brake Instructor. 

Here is o, book for the railroad man. and the man who aims to bo one. It is without 
doubt the only complete work published on the Wesilnghouso E-T Liocomotlve Brake 
Equipment. Written by an Alr-Brake Instructor who knowajust what L-j ueedi^. It 
covers the subject thorough^. Everything about the New Weatinghouse Engine and 



with Colored Plates, which enable one to trace the Sow of pressures throughout the 

entire equipment. The liest book ever pubUalicd on the Air Bralte. Equally good for 

the b^lnner and the advanced engineer. Will pass any one through any examination. 

It Informa and enlightens you on every point. Indispensable to every engioomau and 

trainman. 

Cont^ns examination questions and answers on Hid E-T equipment. Covering what 

tluj E-T Brake Is. How It should be operamd. What to do when detective. Not ft 

Siestlon can be asked of the onginoman up for promotion, on either the No. 5 or the 
o. S E-T equipment, that is not asked and answered In the book. If you want to 
tlioroiighly imdersland the E-T equipment get a i.iipy of this book. It covers every 
detail. Makes Alr-Brake troubles and examinations easy. Price .... Sl.ftO 

MACHINE-SHOP PRACTICE 



lMERICAN TOOL MAKIHG AND IHTERCHANGEABLE MANUFACTDRIITG. 
By J. V. WoouwoRTH. 

A "slioppy" book, containing no theorizing, no problematical or raperimental devices, 
there are no badly proportioned and impossible digrams, no catalogue cuts, but a 
■raluablo collection of drawings and descriptions of devices, tho rich truifs of the author's 
own experience. In ll« 5U0-odd pages tho ooe subject only, Tool Making, and what- 
ever relates thereto, is dealt with. The work stands without a rival. It is a complete 
isactlcal treatise on the art of Aoierlcan Tool Making and system of interchangealiia 
muiufacturlng as carried on to-day in the United .States. In it are described and 
lUliatrated all at the dllTerent typo and classes of small tools, fixtures, devices, and 
special appliances which are in general use in all machine-manufactiirinR and metal- 



economy. cai>aclty. and interchBxu^<a&3^^^ V^'Oub^^s^ 
B ore luipera,U-vo. Ti«se»ie»c&»A'{*waiiSs>»,>» «&a»*^ 
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f vely discu&sed, and particular attention is paid to drill jigs, boring, profiling and milling 
fixtures and other devices in which the parts to be machined are located and fastened 
•within the contrivances. All of the tools, fixtures, and devices illustrated and de- 
scribed have been or are used for the actual production of work, such as parts of drill 
presses, lathes, patented machinery, typewriters, electrical apparatus, mechanical ap- 
pliances, brass goods, composition parts, mould products, sheet metal articles, drop- 
lorgings, jewelry, watches, medals, coins, etc. 531 pages. Price .... $4.00 

MACHINE-SHOP ARITHMETIC. By Colvin-Cheney. 

This is an arithmetic of the things you have to do with daily. It tells you plainly 
about: how to find areas in figures; how to find surface or volume of balls or spheres; 
handy ways for calculating; about compound gearing; cutting screw threads on any 
lathe; drilling for taps; speeds of drills; taps, emery wheels, grindstones, milling 
cutters, etc.; all about the Metric system with conversion tables; properties of metals: 
strength of bolts and nuts ; decimal equivalent of an inch. All sorts of machine-shop 
figuring and 1,001 other things, any one of which ought to be worth more than 
the price of this book to ^ou, and it saves you the trouble of bothering the boss. 6th 
edition. 131 pages. Price 50 cents 

MODERN MACHINE-SHOP CONSTRUCTION, EQUIPMENT AND MANAGE- 
MENT. By Oscar E. Perrigo. 

The only work published that describes the Modem Shop or Manufacturing Plant 
from the time the grass is growing on the site intended for it until the finished product 
is shipped. Just the book needed by those contemplating the erection of modem shop 
buildmgs, the rebuilding and reorganization of old ones, or the introduction of Modern 
Shop Methods, time and cost systems. It is a book written and illustrated by a prac- 
tical shop man for practical shop men who are too busy to read theories and want facts. 
It is the most complete all-round book of its kind ever published. 400 large quarto 
pages. 225 original and specially-made illustrations. 2d Revised and Enlarged 
Edition. Price $5.00 

THE WHOLE FIELD OF MECHANICAL MOVEMENTS 
COVERED BY MR. HISCOX'S TWO BOOKS 



We publish two books by Gardner D. Hiscox that will keep you from *Hnventinq" things 
that have been done before, and suggest ways of doing things that you have not thought of 
before. Many a man spends time and money, pondering over some mechanical problem, 
only to learn, after he has solved the problem, that the same thir^ has been accomplish^ 
and put in practice by others long before. Time and money spent in an effort to accomr 
plish what has already been accomplished are time and money LOST. The whole field 
of mechanics, every known mechanical movement, and practically every device is cover&i 
by these two books. If the thing you want has been invented, it is illustrated in them. If 
it hasn't been invented, then you'll find in them the nearest things to what you want, some 
movements or devices that will apply in your case, perhaps; or which will give you a key 
from which to work. No book or set of books ever published is of more real value to Uie 
Inventor, Draftsman, or practical Mechanic than the two volumes described below. 

MECHANICAL MOVEMENTS, POWERS, AND DEVICES. By Gabdner D. 
Hiscox. 

This is a collection of 1,890 engravings of diflPerent mechanical motions and appliances, 
accompanied by appropriate text, making it a book of great value to the inventor, 
the draftsman, and to all readers with mechanical tastes. The book is divided into 
eighteen sections or chapters, in which the subject-matter Ls classified under the follow- 
ing heads: Mechanical Powers; Transmission of Power; Measurement of Power; 
Steam Power; Air Power Appliances; Electric Power and Construction; Navigation 
and Roads; Gearing; Motion and Devices; Controlling Motion; Horological; 
Mining; Mill and Factory Appliances; Construction and Devices; Drafting Devices; 
Misceflaneous Devices, etc. 12th edition. 400 octavo pages. Price . . . $2.60 

MECHANICAL APPLIANCES, MECHANICAL MOVEMENTS AND NOVELTIES 
OF CONSTRUCTION. By Gardner D. Hiscox. 

This is a supplementary volume to the one upon mechanical movements. Unlike the 
first volume, which is more elementary in character, this volume contains illustrations 
and descriptions of many combinations of motions and of mechanical devices and 
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applianon found tn dilTereat lines Ot macblnerr. esoh deeice bdnt; shoim bj- a 

drawlne with a da cilpcl o u diowliie Its woiknu PBrW »nd the methiKl ot ownlion. ' 
From Uie mullitude of derliH desi7ib«l and ulusttated mlgbt be moiuoiiKl. tn ' 
'-ig. sarii iUtiOB aa coayefoniLad eUmtore. Tmof b—' — - 



MACHIME-SHOP TOOLS AND SHOP PRACTICE. By W. H. Vandervoobt. 

A nork of 555 pages and 373 lUuatrations. deacritHng ia fvery detail Uip con<:CirucUoa. 
opecailoD. and manipulation ot boili hand and maclilne toote. Includes cliap(«n 
on fUing. licttog. and scraping surfaces: on drills, rearaecs. Capa. and djea; Uie htha 
and its Unla: planiTS, Rhapura, and ibeir toots; milling machlnos and cuttevs; gear 
cutKfis and gear cutting; drlUlag machines and drill work: grinding mwdiliies and 
their work; hardeniiv! and Cemperiog: Rparing. belting, and (ransmlssloa maclilnery; 
useful data and tabliE. 6tlt edition. fSico tS.OCi 

THE MODERN MACHIHIST. By John T. Usheb. 

ibfihonii 

:. all thai 

„ ppracUt _ . . „ ... ^ _, . , 

nhich, as Mr. Maxim saj^ " American machinists have become and are the Bneet m 
chanlca inlAe world." Indicating as it does, inorery line, the fomlliari^ of the author 
with ever? detail of daily experience In the shop, it coanot fall lo be <» service to an/ ' 
man pracUcaily coniiecled viiii the shaping or ftnishlng ot metals. 
There Is nothing experimental or visionary about the book, all devicea bctng In actoal ' 
use and giving good rcsulis. It might be called a comiicndlum ot shop mettaoda, 
Bhowini! a variety of special tools and appliances which will give new ideas to many ' 
mechanlca, from the superintendent down to the man at the bench. It will be found , 
a valuable edition to any machinist's library, aod should be consulted whenever a 
new or dllBcuit job la to be done, whether It is boring, milling, turning, or planlnK»'' 
as they are all treated In a pracUcal maimer. Fifth edition. 320 pases. 250 1I1ubIi[»- ] 
tions. Price SS.SOj 



" SHOP KINKS." By Robert Grimshaw. i 

A book of 400 pages and 223 illu=t rational, Ihini; entirely different from any otlxt , 
book on machine-shop practicr. IJi'tiiiT-iJTii; fi-r)m conventional style, the author 
nvniili univurKaJ nr mmniou sh.iii iijrti^i- :iiiil Vunha Ids work to showlna special wwB I 
pidly than uauaL As a result tti» I 

■ -' ■'■- '"' --B placed Bl th« ] 

._. ,..-, _. = ngs are posaibto, I 

w products may be improvrsj. To the employee It holds out auggostlons that, i 

troperlv applied, will hasten his advancement. No shop can aOord to be without It. j 
i hrlaties with valuable wrinkles and helpful BUggeatlon.i. It will beneSt all, troia , 
apprentice to proprietor. Every machinist, at any age, should study Its pages. FtTOi ] 
edition. Price SS.SO ' 

THREADS AND THREAD CUTTING. By Coi-vin and Stabel. 

This clears up many of the mysteries of tluvad-cuttlng, such as double and tripla ; 
threads, intfrnal threads, catching threads, use of hobs, otc. Contains a lot ot useTol 



Third edition. 

MANUAL TRAINING 

By I.oiT.ij RooiLUON. 
ilii' iiiriirijijiilon needed by all Interested ID I 
i:<(iiLliiiu'iu, and Supplies. Shows exactly 
■k fE-nm ilii' Klndergarlen to the Ulnh and . 

,,„ _ .. . , i-MT\Uiiiiu lined In Manual Training Wortc • 

' and tells just what It ought to cost, .\Lmi sihuws rtlu>.v« tn bus sftO^Uei.TOK.. "^rasJ^^^lfc,- 
J74j»eBS, and is fully illustratwl. M eiViUon, ViKa Vi.*^ 
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CATALOGDE OF GOOD, PRACTICAL BOOKS 
MARINE ENGINEERING 



.. .. _ _ ... and distinctly all tho interior of a Submarino 

-' latest typu. Yuu yet mom Informatlun frum thla chait alHiiit tho conslrucUon 

and oiioratioii of d Hubmarina tbaji In any other way. No details omlttoi — eray- 
thliiK IS accuratB ajid to scale, ll is absolutely correct In every detail, having been 
apuToved l>y nuval enelneecB. All the mschlner; and dovicse fitted in a modeni 
Submarine Boat are shown, and to make the enKraving more r«ul[ly underatand 
all the fcBturea are shown in qporatlvo form, wilh OIBccib and Men in the a^a of per- 
fonnlDK the duties aaalmed to tfiem in service condil ions, THISOHAitT IS REAl3,T 
-'I ENCYCLOPEDIA OF A SUBMABINE. It is cjducatlonal and worth maty 



times Its cost. Mailed In a tube for . 

PATTERN MAKING 



PRACTICAt PATTERN MAKIMG. By F, W, Barrows. 

This book, uuv la its »ocotid edition. Is a comprehensive and enUrely pracUcal treallao 
on tho subloct of nattom making. lUustrating pattern work in both wood and metal, 
and with delinlte Instructtons on the use oi pmter of parls in the trade. It eIvbb 
speciSc and detailed doBcriptioas of the materials used by pattern makers and de- 
scribes the tools, both those for Che bench and the more Interestios toacldne tools: 
having complete chapters on the Lathe, tho Circular Saw. and the Band Saw. It sivea 
many examples of pattern work, eanh one fully Illustrated and explained with miicb 
detalL These ciamples. In tta^ great variety, otlor much that will be found of 
Interest to all pattern makers, and eeiieciully to the younger ooee, who are seeking 
information on tho more advanced branches of their trade. 

In this second edition oF tho work will be found much that is new, even to those who 
have long practised tliin exacting trade. In the d<scriptlon oT patterns as adapCrd 
to the Moulding Machlnu many dlificultles which have long prevented the rapid and 
economical production of caatinga are overcome: and this great, now branch of the 
trade Is gives much space. Stripping plate and stool plate worlc and the less expen' 
BivH vibrator, or rappmg plate work, are all explained in detail. 

Plain, everyday niles for lessening the cost of patterns, with a complete sysMm of 
cost keeping, a detailed method of marking, appUcablo to all brancbis of the iradA 
with complete Information showing what the pattern is, itu specific title, Its cost, 
date of production, material of which it Is made, the number of pieces and core, 
boxes, and its location in the pattern safe, all condensed Into a most complete card 
record, with cross Index. 

The book closes with an original and practical method for the Inventory and valua- 
Uon of patterns. Containing nearly 350 pages and 170 illustrations. PrlCB . S2.00 

PERFXJMERY 



value to (he perfun.. _. __ , , 

Ibr making handkerchief perfumes, smeiling-.salts, sachets, fumieating pastCks; 
preparations for the care oithe skin, the mouth, tho hair, cosmetics, liair dyes and 
other toilet articles aro bIvoq, also a det^led dtacripdon of aromatic substances; thdr 
nature, tests of purity, and wboleeale manufacture, including a chapter on synthe^C 
producta. with formulas for their use, A book of general, as well as profesefonal in- 
terest, meeting the wants not only of the druggist and perfume manufacturer, but 

-' ' "le general public. Among the contanW are: 1. The History of Ptirfumary, 

4 „„ ^..^ „ ,.. r. _, ., .-,,,-„ ,„„ .u, ,-. ..,g Klngdf-- 
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14. The Dlvisloa of Perfuinery. 15. The Manufacture of Handkerchief Perfumra. 
16. Formulas for Handkerchlet Perfumes, 17. Anunonlacal and Add PBrfumea. 
18. Dry Perfiunes. 10. Formulas for Dry Perfiim™, 20. The Perfumes Used toT 
Fumigation. 21. Antiseptic and Therapeutic Value of Perfumes. 22. Clafislflcatlon of 
Odors. 23. Some 3 peel 11 PerfumeiT Products. 24. Hygiene and CosmBticPerfumery. 
35. F''eparsC[oiis fbr the Care of the Skin. 26. Manufacturo of Casein, 27. Formulas 
tor Emulsions. 28. Formulae tor Cream. 29, Formulas for Meals, Pastes and Vege- 
table MIUc. 30. Preparations Used for the Qalr. 31. Pormulas for Hair Tonics aikd 
Restorers. 32. Pomades and Ualr Oils. 33. Formulas for the Manufacture of 
Pomades and Hair Oils, 34. Hair Dyes and Depilatories. 35. Wan Pomades, Bando- 
liuee and BrlUiantlnes. 36. Skin Cosmetics and Face Lotions. 37. Preparations Toe 
tbe Nails. 38. Water Softeners and Bath Salts, 39, Preparations for the Care of the 
Mouth. 40. The Oolors Used in Perfumery. 41. The Utensils Used In the Toilet. 
Fourth edition much enlarged and brought up-to-date. Nearly 400 pages, Illus- 
trated. Price 9C.00 

WHAT IS SAID OF THIS BOOK: 
" The most satisfactory work on the HUblect of Perfumery that we have ever seen." 
"We feel safe In saying that here Is a lxx)k on Perfumery that will not disappoint you, 
fi>r it has practical and excellent formula that are within your ability to prepare 

'■ We recommend ths volume as worthy of confidence, and Bay that no purchaser will be 
disappointed In securing from Its pages good value for Its cost, and a large dividend 
on the same, even if he should use but one per cent of its working formijas. There 
la money In It for every user of Its Information." — Pharmaceulicai Record. 

PLUMBING 
lECH&niCAL DRAWING FOR PLUMBERS. By R. M. Starbuck. 

A concise, comprohonalTO and pracllcil iroatL'w on iho subject of ratchanlcal drawing 
in Its various modern applications to (ho work oF all who are In any way connected 
with the plumbing trade. Nothing will so help the plumber In estimating and In 
explaining work to ciistomois and workmen as a knowledKe of drawing, and to the 
TOrkmoa it Is of Inestlmahle value if he Is to rise above his position to positions of 
neater reBponslblllty. Among the chaptcrB contained are: 1. Value to plumber of 
knowledge of drawing; tools roqulrod and their use: common views needed i n mechan- 
leal drawing. 2. Perspective versus mecbsinlcal drawing In showing plumbing coo- 
BlfUCtion. 3. Corrtct and Incorrect methods In plumbing dra,Hlng : plan and elevatloa 
explained. 4. Floor and cellar plans and elevation: scale drawings: use of triangles. 
fi. Use of triangles: drawing of fittings, traps, etc 6. Drawing plumbing elevations 
and fittings. 7. Instructitms In drawing plumbing elevations. S. The drawing of 
plumbing nxtures: scale drawings. 6. Drawings of^Hxturea and fittings. 10. Inlang 

:bltect's plan. 



ens. 17. Drawizigs of detail plumbing « 
elevations ot n»dence. 19, Plumbln; 



elevatJoi 



—X plans for cotlaae. 20. Plumbing oievatlons: roof connections. . _ 

Kurabing elevations forslx-flBt building. 32, Drawing of various parts of the plumb- 
gsystem: useof scales. 2.1. Uso of arciiltcct'a soaleo. 24, tjpedal features In U~~ 



ustratlons of country plumbing. 25. Drawing or wroitght-iron piping, valves, rodi^ 
^rs. colls, etc 20. Drawing of piping to Illustrate heatinK systems. 150 illustrations. 
Ftic« Vl.DO 

lODERN PLUMBIHG ILLUSTRATED. By R. M. Stakbuck. 

This book represents the highest standard of plumbhig worit. It has beoo adopted 
and used as a reference book by the United Stales Gnvemmont, In \w sanitary work In 
Cuba, Porto Rico, and the Philippines, and t^ the principal Boards of Hi^tli Of the 
United States and Canada. 



Sluniblng practice. Suggestions for ustlmatlag plumbing construction are contained 
1 ItB pa«es. This book topnsenu. la a word, the lauoc and best up-to-dats practice 
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. .0 keep h'"^""'^ . ^ _ 

Contains folloHlng cliapwrs, oacb Uliistrated with u rull-pOKe plate: 

lauiLdry tuba, vegetable wash aiiik; la.vatorlo9. panti? sinks, contents oT marble fliabs: 
batli tub, foot and sltK bath, shower bath; water closets, venting of vatcr cloaeta; low- 
down water cloHets, watar closola qperalod by flush lalres. water closet range: slopsiiik. 



I 



urinals, the bidet; 

■ ■■i«Bol_____ 

i: connections for 8 traps, venting: connections for drum traps; 
aupportlDR ot soil pipo: main trap and fresh ^r Inlet; tloor drauu aoa 

., subeoU dr^noge; water closeW and floor cotinections ; local vantJng: 

connections for bath rooms; connections for bath itMims, continued: connectJooB me 
' " ... .... continued; ciamplea of pOM 



ir wurk: continuous venting for ti 
-IS venting of water closets; r' — ' 



onstructlon for cellar piping: plumbing for rraidenca. use ol 
B for two-flat house: plumbing for apartment bulldlnji. plumb- 
it bulldlriK; jilujabing for oOlce building; plumbing tor publlD 
iiiijiiie for public toilet rooms, conthiuod; plumbing for bath CEtab- 
Ine for engine house, factory plumbing: automatic Husliing fOc 
, ulc: iisc of flushing valves: urinals for public toQet rooms; the 
ibe dealrucMon of pipes by electrolysis; construction of work wiliout 



._^ _-y plumbing: water 

., IT thawing of water mabw and servloe by electricity; douMa 

r supply of large oiuldings; automatic control of not water tank: sul- 



fur tatlmatliig plumbing construction. 40T octavo pagi 
;e engravings, ^rhird, revised and enlarged odllion fust 



Issued, Price . S4.00 
STANDARD PRACTICAL PLUMBING. By R. M. Stabbuck. 

A complete practical treatise of 450 pages covering the subject of Modem PlumWng 
in all Its branches, a large amount of stwce <>elng devoted to a very complete and 
practical treatment of the subject of Hot Water Supply and Circulation and Range 
Boiler Work, lie thirty chapters include about every phase of the subject one can 
think of, making Ic an ladis]>easable work to the master plumber, the journeyman 
plumber, and the apprentice plumber, cont^nlng cliapters on: the plumber'' '' — ^"' 



wiping solder; composltloti and use; ioint wiping; i^id work; traps: sipbooage of 
traps; venting: continuous venting; house sewer and sewer connections: house drain; 
soil piping, roughing; main trap and fresh air Inlet; floor, yard, cellar drains, aia 
leaders, etc.; fixture wastes; water closets; ventUation: improved plumbtng conneo- 
tloiis; residence plumbing; plumbing for hotels, schools, factories, stables, etc; 
modem country plumbing: nitration of sewage and water supply; liot and oold 
supply; range boiJers; chTiulatlon; circulating pipes; range tioller problems; hot 
water for largo buildings; water Uft and its use: multiple connections for hot water 
boflers; hoatmg of radiation by supply system: tJicory for the piumtMjr; drawing for 
the plumber. I^ully lllustrat«tl by 347 engravings. Price 33.00 

RECIPE BOOK 



HENLEY'S TWENTIETH CENTURY BOOK OF RECIPES, FORMULAS AND 

PROCESSES. Edited by GAEioN-En D. Hiscox. 

The most valuable Tcchno-chemical Fortntdn Bonk pu!)li.'ibB(i, hirluding over 10,000 
selected scientific, chemical, technological, and |ii-;w:tical rwijuw and processes. 
This is the most complete Book of Formiilii-. mit i>Lil)li-.liiil, giving thousands of 
recipes for the manufacture of valuable arcicli-; fur en nday iirtc. Hints, H»ips. 
Practical Ideas, and Secret Procei^ises are rei-rjilr^i Miifun irs |iaui^. It rovers everj 
branch of liie useful arte and tells thousands of W:i,y< <i( iTiLiUinK money, and is just Uw 
book everyone should have at ht« command. 
, Modem In its treatment of every subject tlial. properly falls within lla scope, the IxK* 
L — . — . — ,1.^,11., 1 1,1 . gg(,^j ^j,p ygrj, latest (ormu'~- ■- ■— ' ' =- " ' •* 

To present here 




,0 retain those processes which long CTcperience 

,; d. To present here even a limited niiml ' 

lata tills valuable work would be dllficaU. autboB 
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an echn jtL In 











py. 800 pages. Price . . , S8.00 
( SAID OF XniS BOOK: 
"Tour Twentieth Gentrar Book of Recipes, Forraulaa, and Procesaea duly received, 
■" i-j ^- . y odt, and if I could not replace it, money couldn't b^it. It 



1 am glad to have a copy or it. and if I could not replace it, money couldn t b 
Is the best thing of the sort I ever saw." (Sigoed) M. E. TnuK, Sparta. 1 
" ThorR arc few pcraons who would not be able to Snd in the book some sinEle fnrmala 
d repay several tliiiea the coat of the book," — Merchanis' Record and Sltum 



WindoiB 
" I purchased y 
Processes' aboi 
Beimlngtou, Vt. 

■■THE BOOK WORTH THREE HUNDRED DOLLARS- 
"On close examination of your 'Twentieth Centiuy Kecoipt Book,' I find it to be a 
very valuable aad useful book with the very best of practical information obtainable. 
ThepricBof thebook, S3.00, Is very small In comparison to the bemiflts which one can 
obtain from it. I cunsldcr the book viortb fully three hundred dollars to anyone.'' 
— Da. A. C. Spetts, New York, 

'■OXE OP THE WORLD'S MOST USEFUL BOOKS" 
"Borne time ago, T got one of your 'Twentieth Century Books of Formulas ' and have 



u trying ao hard to support them. I have 

' ' 1. followinK directions given ir 

T." — Msa, J. H. McMaken, W 



IBBER HAMD STAMPS AMB THE MAWIPDLATION OF INDIA RUBBER. 

By T. O'CONOR Sl-OANE. 

rj'thing It Is necessary tt ._ 

,. B.,„.,„ ,..„...„.. — m,. ,.. . .„ ,.,„^g Qf Rubber 

JOsition. Dating 

. ...,.._ „j „. -__ji Rubber Solu- 

wuiiB, v,Kmeiiia, Blackings, Renovating 'Varriiah. and Trcatraetit for India Rubber 
Bhoes, etc.; the Hektograph Sump [nk-i, and Misclliiii culls Notes, with a Short 
Acoonntof the Discovery, Collection and M:inuf;i,-i iir,. or India Rubber, are set forth 
In amaonerdeeigned to be peaiJtlyun(lvr-i(n«l.(ln>ix|il:ipi:ii ions being plain and simple. 
Including a chapter on Rubber Tln^ Making' .imi \ iili',> inline: also a chapter on the 
lues of rubber in Surgery and Dontisiij. 'rimd rc\inijd and enlarged edlGlniv, '.TE, 
» ,ilagea. lilustraCed %V.<:f^ 
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SAWS 
SAW FILINGS AMD MANAGEMENT OF SAWS. By Robert Grimbhaw. 

A practical haad-book on filing, gumming, Bwaeing, liBmmeriiig. and the braiiilg of 



,?£?? 



"ilBERIl 



thO80 who havD cfiarge of saws, or for tln>se mechanics who do their own Hling, as it doik 
withttao proper sbaiMi and plUrhea of saw teeth of all kinds and Eivesmany tucrtdhlDB 
and rules for Kummlng, Batting, and Qllng, and is a practical aid to thoEO who use am 
for any purpose. Completo tables of proper xliape. pitch, and saw tooth as well U 
slues and nunibtr of tooth rjf various saws aro Includod. Third tdltlon, ravlaed and 
enlarged, lllustratixl. Prloo 91,00 



STEAM ENGINEERING 



:CAN STATIONARY ENGINEERING. By W. E. Cbanb. 

This book beelna at the boiler room and takes In the whole power plant. A plilK 
talk on evtiry-aay wnri( Eihout onaines, boUers, and their accessories. It la notlnt^ded 
to be scientific or mathematical. All form-ulas are In simple form so that any ona 
undiTstanding plain arithmetic can readily understand any of them. The autHior 
has made this tliD most practical iKnk in print : has given the results of hia yeara (t 
exp«rieac4i. and has included about all that has to do with an engine room or a pax<r 
plant. You aro not left to gueaa at a single point. You are shown clearly what to 
expect under the various conditions ; how to secure the best results ; ways erf preroM- 
ing "shut downs" and ropalrB: In short, all tJiat goes to make up the requ&emenH 
of a good engineer, capable of taking charge of a plant. It's plain enough for practicd' 
men and yet of value to those high fa the profession, 

A partial list nf contents is: The boiler room, deanlug boDers. flring, feeding; pnnqlli' 
liiroection and repair; chimneys, sizes and cost; plpmg; mason work; fOundatlani;. 
testing cement; pile driving; engines, slow and high speed: valves: valve sotllag; 
CoriJsa engines, setting valves, dngleand double eccentric: air pimipa and condensed:. 
different types of condenncrs; water needed; Ifafag up: pounds; pins not squaw In 
crosahead or crank: englneera' tools; pistons and piston rings; bearlUH metal: biiii- 
ened copper: drip pipes from cylinder Jackets; belts, how made, caro of: oils; greasis: 
testing lulirlcants; rules and tables. Including stoam tables; areas of swrnenls: 
squares and square roots; culies and cube root; areas and circumferences of drclea. 
Notes on: Brick work; explosions; pumps; pump valves; beaters, economlien; 
' ' ~ TOlvte; lap, lead, and clearance. Has a complete examination toe a UeeiML 



. illuBtratcd. 
EMINENT ENGINEERS. By Dwight Goddahd. 



... o of the world's engineers who have contilhuW 

. largely to the advancement of our civilization by mechanical laeaus. giving oolf 

■uch facts as are of general faterest and In a way whieli appeals to all, whetbw 
mechanics or not. 2H0pages. 35 Illustrations. Price ..'....., Si>60 



ENGINE RUNNER'S CATECmSM. By JUjbert Ghimbhaw. 

A practical treatise for the sfationair engineer. lelUnit how to erect, adjust, and «■ 
the principal steam engines In iiAe In the United States. Describing the pi^idpd 
features of various special and weli-known makes of enghifs; Temper Cut-oH. Shipnmg 
and Scci^vlne Poimdatlons. Erecting and Startfag, Valve Sotting. Care and Uw, 
Bmergendea, Erecting and Adjusting Special Engines. 
The questions asked throughout the catechism aj'e plain and to the point, and thB 

1 . jj simple language as to bo readily understood by sjiyone. Att 

HID iui.iu^i«ii.iuu» mvnii »re complete and up-lo-dai^i and they are written In a popo*"' 
style, without any tochnicallliiB or niiLthematical formulie. The workis of ahai 
siici for llii- |hiK-k(i. cli'jiriy :i.]iil v,;-\\ |nLiik<i. nicely hijund. and profusely aiiwtmt 

rr.tii--rii 11 ill he i..r itrrat value, pspecially to those who nuj' 
■ I li, 111' . s.iiniiiiil for certilicatKB uf eompetoncr; aai to - 
iL' n] rki> liiLli' ^^^^ice. as they will find in this volume toon M 
iiilihiiii.i.iiim ilia.li is w be found anywhere else with' 
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IRSEPOWER CHART. 

nj staliooarj' DnBine withnut calciilation. No matter what 
siroki!, Uie steam preeBure of cut-off, tho revolui-loiis, or 
wucuLiHj- vuJujviiaiiiK ui [lon-cozidi^iising, it's aU tbc^re. Basy to use. accur^t^, and 
saves time and calculations. Especially useful to etiglneorB and designers. GO cents 

>DERN STEAM ENGINEERING IN THEORY AND PRACTICE. By Gardner 
D. Hiacox. 

This Is a complete and pcactical work issued for Stationary Eoginears and Fireman, 
dealing with thD caru aod managemeot of boilers, cnsines, pumps, superheated sl«am. 
rrfrtgerating macliioBry. dynamos, motors, elevators, air compressorH, and all other 
branches with which the modern engineer must be ^miliar. Nearly 200 questions with 
their answers on steant and electrical engineediig, likely to be askod br the Eiamin- 
iDg Board, are included. 

Among the chapters arei Historical: steam and its propertJea; appliances for the 
generaiton of steam: typos of boilers; chlmnoy and Ife work; heat eeqnoniy of the 
feed water: st«ani pumps and their work: Incrustation and its woric: steam abovo 
atmosplieric pressure: flow of steam from nnazles; superheated steam and its work; 
odlabatlc oipansion of steam: indicator and Its work: steam eoKlae proportions: slide 
valve engines and valve motion: Corliss engine and Its valve gear: compoUDd enaiae 
aod its theory; triple and mulUple expansion engine: steam turbine: refrigeration: 
eiovBlors and their manfl^;emont: cost of power; steam engine troubles; electric 
power and electdc plants. 4S7 pages. 405 engravings. 3d Editloii. . . . 98.00 

BAM ENGINE CATECHISM. By Robbkt Gbimshaw. 

This unique volume of 413 pages Is not only a catechism on the question and answer 
principle, but it contains formidas and worked-oxit answers for all the t!team problems 
that appertain to the operation and management of the Swam Engine. Illustratlona 
of various valves and valve gear with their principles of operation are given. Ttilrty- 
four Tables that are indispensable to every engineer and fireman that wishes to be 
— — — 'veand is ambitious to become master of his calling are within its pagES. It Is 
_..._,_._ .__. — ^__ ... ., ,__ _. ^.__ jj Eriglneoring. Leading ongineraa 



■EAM ENGINEER'S ARITHMETIC, By Colvin-Chbnbt. 

A practical pocket-book for the steam engineer. Shows how to work the problems of 
the engine room aod shows "why." Tells how to flgiu^ horsopower of engines and 
hollers; area of boilora; has tables of areas and circumferences; steam tables; has a 
dictionary of enKineering terms. Puts you on to all of the little kinks in SguriuK what- 
ever there is to ilgure aroiuid a power plant. Tells you about the he-at unit; absolute 
Kero: adiahatic eipansion: duty of ongiucs: factor of safety: and a thousand andona 
other thiogs; and eveijthing Is plain and simple — not the hardest way to flgure, but 
the easiest. Second Edition bO cents 

STEAM HEATING AND VENTILATION 

tACTICAL STEAM, HOT-WATER HEATING AND VENTILATION. By 
A. G. King. 

This book is the standard and latest work published on tiic subject and has been pre- 
pared for the use of all cngagi!d in the business of steam, ho t- water lieatlng. and ventila- 
tion. It is an original and exhaustive work. Tells how to get heating contracts, how 
to Install heating and veutUatbig apparatus, the best buslue^ methods to be used. 

with "Tricks of the Trade" for shop use. Rules ar-" -'-*- ' " ' -"-" — 

uid cost and such tables and Information as make It ^ 

one interested in steam, ho1>water heating, and ventilation. It describes all til . ... 

systems of steam, hot-water, vacuum, vapor, and vacuum-vapor heating, together 
with the new accelerated systems of hot-water circulation, including chapters on 

-._ .- J.. t.^j. .. -.1-..J — ^u|] ^jjp f^u uj. (jIoi^bt system of heating and ventila- 

' ■ -•--"— II. Heat. Ill, Evolution of 
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hcatinp; apparatus. XII. Exhaust-steam heating. XIII. Hot-water heating. XTV. 
Pressure systems of hot- water worlc. XV. Hot- water appliances. XVI. Groenluxue 
heating. XVII. Vacuum vapor and vacuum exliaust heating. XVIII. Miscella- 
neous heating. XIX. iiadiator and pipe connections. XX. Ventilation. XXI, 
Mechanical ventilation and hot-blast heating. XXII. Steam appliances. XXIII. 
District heating. XXIV. Pipe and boiler covering. XXV. Temperature r^ulatioo 
and heat control. XXVI. Business methods. XXVII. Miscelmneous. XXVIU. 
Rules, tables, and useful information. 367 pages. 300 detailed engravings. Second 
Edition — Revised. Price $8.00 

500 PLAIN ANSWERS TO DIRECT QUESTIONS ON STEAM, HOT-WATER, 

VAPOR AND VACUUM HEATING PRACTICE. By Alfred G. King. 

This work, just off the press, is arranged In question and answer form ; it is intended ai 
a guide and text-book for the younger, inexperienced fitter and as a reference book for 
all fitters. This book tells " how '^ and also tells "why." No work of its kind hai 
ever been published. It answers all the questions regarding each method or system 
that would be asked by the steam fitter or heating contractor, amd may be used ass 
text or reference book, and for examination questions by Trade Schools or Steaa 
Fitters' Associations. Rules, data, tables and descriptive methods are givoi. to* 
gether with much other detailed information of daily practical use to those engaged in 
or interested in the various methods of heating, valuable to those preparb^ for 
examinations. Answers every question asked relating to modem Steam, Hot-Water. 
Vapor and Vacuum Heating. Among the contents are: The Theory and Laws of 
Heat. Methods of Heating. Chimneys and Flues. Boilers for Heating. Boikr 
Trimmings and Settings. Radiation. Steam Heating. Boiler, Radiator and Pi90 
Connections for Steam Heating. Hot Water Heating. The Two-Pipe GraTV 
System of Hot Water Heating. The Circuit System of Hot Water Heating. Tto 
Overhead System of Hot Water Heating. Boiler, Radiator and Pipe Connections for 
Gravity Systems of Hot Water Heating. Accelerated Hot Water Heating. Bi» li 
pansion Tank Connections. Domestic Hot Water Heating. Valves and AirvalTti. f 
Vacuum Vapor and Vacuo- Vapor Heating. Mechanical Systems of Vacuum Heating* v 
Non-Mechanical Vacuum Systems. Vapor Systems. Atm(»pheric and Modu]atii| ji 
Systems. Heating Greenhouses. Information, Rules and Tables. 200 pages, Iv ^ 
illustrations. Octavo. Cloth. Price $1.50 

STEEL 



STEEL: ITS SELECTION, ANNEALING, HARDENING, AND TEMPERINa 

By E. R. Markham. 

This work was formerly known as "The American Steel Worker," but on the pu^ ^ 
lication of the new, revised edition, the publishers deemed it advisable to changed 
title to a more suitable one. It is the standard work on Hardening, Temperiifi i 
imd Annealing Steel of all kinds. 

This book tells how to select, and how to work, temper, harden, and anneal steel fif 
everything on earth. It doesn't tell how to temper one class of tools and then leaff 
the treatment of another kind of tool to your imagination and Judgment, but it gifj 
careful instructions for every detail of every tool, whether it be a tap, a reamer or W' 
a screw-driver. It tells about the tempering of small watoh springs, the hardeningli ' 
cutlery, and the annealing of dies. In fact, there isn't a thing that a steel worW , 
would want to know that isn't included. It is the standard book on selecting, hard^ 
ing, and tempering all grades of steel. Among the chapter headings might be mentioon 
the following subjects: Introduction; the workman; steel; methods of heatW 
heating tool steel; forging; annealing; hardening baths; baths for hardening; hardei* 
ing steel; drawing the temper after hardening ; examples of hardening; pack hardA| 
ing; case harden&g; spring tempering; making tools of machine steel; special steeK 
steel for various tools; causes of trouble; high speed steels, eto. 400 pages. Ven[ ' 
fully iUustrated. Fourth Edition. Price $2.60 

HARDENING, TEMPERING, ANNEALING, AND FORGING OF STEEL. ^ 

J. V. WOODWORTH. 

A new work treating in a clear, concise manner all modem processes for the heatifll|! 
annealing, forging, welding, hardening, and tempering of steel, making it a bookvj 
great practical value to the metal- working mechanic in general, with special direct**^ ' 
for the successful hardening and tempering of all steel tools used in the arts, indaditf | 
milUng cutters, taps, threa4 dies, reamers, both solid and shell, hollow noills, puodi^ < 
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and dies, and all kinds of sheet metal working tools, shear blades, saws, fine cutlery, and 
metal cutting tools of all description, as well as for all implements of steel both large 
and small. In this work the Amplest and most satisfactory hardening and temijer- 
ing processes arc given. 

The u.ses to which the leading brands of steel may be adapted are concisely presented, 
and their treatment for working under diflPerent conditions explained, also the special 
methods for the hardening and tempering of special brands.. 

A chapter devoted to the difTcrcnt processes for case-hardening is also included, and 
special reference made to the adaptation of machinery steel for tools of various kinds. 
Fourth Edition. 288 pages. 201 Illustrations. Price $2.60 

TRACTORS 



E MODERN GAS TRACTOR. By Victor W. Pag6. 

A complete treatise describing all types and sizes of gasoline, kerosene, and oil tractors. 
Considers design and construction exhaustively, gives complete instructions for care, 
operation and repair, outlines all practical applications on the road and in the field. 
The best and latest work on farm tractors and tractor power plants. A work needed 
by farmers, students, blacksmiths, mechanics, salesmen, implement dealers, designers, 
and cngino(;rs. 500 pages. Nearly 300 illustrations and folding plates. Price $2.00 

E HOME-MADE TRACTOR. By Xeno W. Putnam. 

A practical treatise on the construction of small and special purpose tractors in the 
home worltshop from the odds and ends of cast-off machinery available on nearly 
every farm. This work shows the farmer how, at small expense, to make his gasoline 
engine convenientlv portable by making it self-moving. It guides him in the con- 
struction of a practical farm tractor that is capable of hauling, harvesting, plowing and 
doing all the ordinary farm work in which the propulsion of other machinery is re- 
quired. Twenty-four chapters are contained in this book and it is illustrated with 
over 153 working engravings showing many succeiE»fully built and tested home-made 
tractors. Bound in cloth, 12mo. 
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